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BIVALENT ANTIBODY DIRECTED AGAINST
NKG2D AND TUMOR ASSOCIATED
ANTIGENS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage application filed under
35 U.S.C. § 371 of PCT/US2016/018955 filed Feb. 22,
2016, which claims benefit of U.S. Provisional Application
No. 62/118,561, filed Feb. 20, 2015, and U.S. Provisional
Application No. 62/119,643, filed Feb. 23, 2015, which are

hereby incorporated by reference 1n their entireties.

BACKGROUND

In 2014, there were 1.6 million new cases of cancer
diagnosed and 583,720 deaths reported. Current treatment
mainly relies on chemotherapy, radiation, surgery and bone
marrow transplantation. However, these can be associated
with severe side eflects, and 1n some cases the cancer does
not respond to the treatments. Thus, new therapeutics are
urgently needed. Cancer immunotherapies are promising
because they are highly specific and effective 1n 1inducing
tumor lytic activity from lymphocytes. Fusion proteins such
as bi-specific T-cell engagers or bi-specific killer cell engag-
ers (BiTE and BiKE) are cancer immunotherapies that form
links between a tumor cell and a T-cell (or natural kaller cell,
respectively). A Bi1TE or BiKE protein has two single-chain
variable fragments (scFvs) of diflerent antibodies, one of
which binds a tumor-specific molecule and the other of
which binds a receptor on the surface of the lymphocyte.
BiTE and BiKE therapies are expected to have a 100-10,000
fold higher eflicacy 1 tumor cell lysis relative to conven-
tional antibody therapy. However, BiTE therapies specifi-
cally target the CD3 receptor on T-cell surfaces, while MIKE
therapies target a receptor on the surface of natural killer
cells. Currently, no b1 specific engager proteins are designed

to cross-trigger all killer immune cells, including CD8+ T
cells, NK cells, NKT cells, and voT cells, etc.

SUMMARY

A polypeptide 1s disclosed that binds a tumor-associated
antigens (TAA) and a NKG2D receptor. The polypeptide
may comprise an antibody or a fragment thereof that binds
to a TAA. In some embodiments, the TAA may be CS-1 or
EGFRVIII (the antibody or fragment thus being a “CS-1
antibody” or an “EGFRvIII antibody™). The polypeptide
may further comprise an antibody or a fragment thereof that
binds to NKG2D receptor (“NKG2D antibody™). The poly-
peptide may therefore comprise an NKG2D antibody and a
CS-1 antibody or an EGFRvIII antibody. On some embodi-
ments, the TAA antibody and/or the NKG2D antibody 1s a
single chain variable fragment (scFv) antibody.

In some embodiments, the polypeptide 1s a fusion protein
expressed by a nucleic acid expressing the TAA antibody
and the NKG2D antibody. In some embodiments, the TAA
antibody and the NKG2D antibody are separate peptides
chemically conjugated together to form the disclosed poly-
peptide.

In some embodiments of the polypeptide, the TAA anti-
body and the NKG2D antibody are joined together by a
non-immunogenic linker. The non-immunogenic linker may
include an amino acid sequence of human muscle aldose
protein, a fragment thereol, a variant thereof, or any com-
bination thereof.
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NKG2D receptor 1s expressed by cytotoxic T cells,
gamma-delta T cells, natural killer (NK) cells, and NKT

cells, which together can be generally referred to herein as
“killer cells.” NKG2D receptor, upon binding to the protein,
can activate the killer cell. Such activation can include the
killer cell becoming cytotoxic.

CS-1 1s an antigen expressed by multiple myeloma cells.
EGFR type III varniant (EGFRvVIII), has a deletion 1n 1ts
extracellular domain that results 1n the formation of a new,
tumor-specific target found 1n glioblastoma, as well as 1n
breast, ovarian, prostate, and lung carcinomas.

Accordingly, the disclosed polypeptide can bind to TAAs,
such as CS-1 or EGFRvVIII, which are expressed by certain
cancers, and NKG2D receptor expressed by killer cells. The
disclosed polypeptide can bind at the same time TAAs
expressed by cancer cells and NKG2D receptor expressed
by killer cells, thereby forming a bridge between the cancer
cell and the killer cell. Such a bridge can promote the
formation of an immunological lytic synapse between the
tumor cell and the killer cell. The killer cell can release
perforin and/or granzymes over the immunological synapse
and thus, induce death of the multiple myeloma cell. Death
can 1nclude lysis of the cancer cell. As such, the disclosed
polypeptide achieves targeted killing of the cancer cell
through the recruitment and activation of killer cells.

Also disclosed 1s a method for treating cancers, such as
multiple myeloma, glioblastoma, breast cancer, ovarian can-
cer, prostate cancer, and lung carcinomas, 1 a subject 1n
need thereof. The method can include administering the
above-described polypeptide to the subject. In some cases,
the polypeptide 1s administered 1n a therapeutically effective
amount.

The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and draw-

ings, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic of the anti-CS-1 tri-specific cyto-
toxic lymphocytes engager (IriCLE) polypeptide design.
The anti-CS-1 single chain variable fragment (scFv) and

ant1-NKG2D scFv are joined together by human muscle
aldose (HMA) linker. VH: heavy chain; VL: light chain;

(G45)3 (SEQ ID NO: 8): Glycine-Serine linker; 6XHis
(SEQ ID NO: 16): 6 repeats of histidine.

FIG. 2 shows a Western blot that confirms the purified
protein 1s scFv containing anti-CS-1 TriCLE.

FIG. 3 1s a graph of the cytotoxicity of NK cell line NKL
against multiple myeloma (MM) cell line H929 1in the
presence ol ant1-CS-1 TriCLE. Increasing doses of Tri1-CLE
ranged from 50 pg/mL to 10 ug/mlL was added to the
coculture of NKL: H929 at effector ratio of 20:1.

FIG. 4A shows binding of TriCLE to CS1™ cell line.
0.2x10° H929 cells were incubated with TriCLE for 20 min
at room temperature. The cells were washed, stained with
secondary antibody-binding protein L-biotin and then
stained with anti-biotin PE antibody for flow cytometric
analysis. Histogram was representative from three indepen-
dent experiments. FIG. 4B shows a graph comparing the
mean fluorescence intensity of the anti-CS-1 TriCLE as
primary antibody.

FIG. 5A shows activation of T, NK'T and NK cells by
TnCLE. 5 ug/mL TriCLE was added to the resting human
PBMCs for 4 hours and then the cells were harvested and
stained for CD3, CD36, CD14 and CD69 for 20 min at room
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temperature. The cells were analyzed by flow cytometry.
FIG. 5B shows that the anti-CD3 antibody synergized the

TrnCLE and increased the activation of all three subsets of
killer cells. FIG. 5C shows that the cytotoxicity of activated
human PBMCs was enhanced by TriCLE against three
multiple myeloma cells MM1.s, H929 and RPMI-8226. The
EC50 was calculated from the non-linear regression curves.
FIG. 5D shows that the anti-CS-1 TriCLE induced cytotox-
icity using CD36 depleted eflector cells at 24 h and 48 h.
*aEp<(0.001

FIG. 6A shows a graphical display of anti-EGFRvVIII
TrCLE. V. heavy chain; V,: Light chain; (G4S)3 (SEQ ID
NO: 8): Glycine-Serine Linker; HMA: human muscle
aldose; 6XHis (SEQ ID NO: 16): 6 repeats of histidine. The
entire sequence was cloned into the pGEX6p 1m vector.
FIG. 6B shows the activation of T, NKT and NK cells by
anti-EGFRvVIII TrnCLE. 5 ug/mL TriCLE was added to the
resting human PBMCs for 4 hours and then the cells were
harvested and stained for CD3, CD56, CD14 and CD69 for
20 min at room temperature. The cells were analyzed by
flow cytometry. FIG. 6C shows the cytotoxicity of activated
human PBMCs was enhanced by TriCLE against three
multiple myeloma cells GBM1123. The EC50 was calcu-
lated from the non-linear regression curves. Results were
from three independent donors. ***p<0.001; **p<0.01.

DETAILED DESCRIPTION

A polypeptide that binds a TAA and the NKG2D receptor.
The polypeptide can comprise an antibody or a fragment
thereof that binds to a TAA. In one embodiment, such as the
one represented by the schematic of FIG. 1A, the TAA can
be CS-1 (the antibody or fragment thus being the “CS-1
antibody”). The polypeptide can further comprise an anti-
body or a fragment thereof that binds to NKG2D receptor
(“NKG2D antibody™). The polypeptide can comprise the
CS-1 antibody and the NKG2D antibody. The CS-1 antibody
and/or the NKG2D antibody can be a single chain variable
fragment.

The disclosed polypeptide differs from conventional anti-
CD16 BiKE or ant1-CD3 Bi1TE by recruiting the cytotoxicity
ol all potent killer cells to kill tumor cells (or viral infected
cells), leading to superior eflicacy without ofi-target side
cllects. In some embodiments, the disclosed polypeptide
includes an engineered fusion protein of two single chain
variable fragments (scFv) targeting NKG2D trigger mol-
ecule and tumor-associated antigens (TAA). The NKG2D

receptor 1s an activation molecule highly expressed on
cytotoxic T cells, gamma-delta T cells, NK cells and NKT
cells, among others. Once the NKG2D receptor 1s engaged.,
such as by an ant1-NKG2D scFv, antibody, or other ligand,
its activation motifs will trigger the phosphylation of other
adaptor proteins such as DAP10, and 1n turn trigger a series
of cell activation and execution of cytotoxicity. U.S. Patent
Application Publication No. 2010/01508°70, which 1s incor-
porated by reference, describes antibodies having specificity
for human NKG2D and methods of using the same for the
treatment of cancer.

The disclosed polypeptide 1s referred to as tri-specific
cytotoxic lymphocytes engager (TriCLE) for its ability to
target natural killer cells, T cells, and tumor cells.

TAAs, on the other hand, are expressed on cancer cells.
Certain TAAs are cancer-specific. For example, CS-1 1s a
TAA expressed on multiple myeloma cells. CS1 15 a cell
surface receptor that belongs to the signaling lymphocytic
activation molecule (SLAM) family. The high expression of

CS1 on MM cells but not normal cells makes CS1 an
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attractive target for treatment MM. Preclinical data using
clotuzumab, against CS1 showed that elotuzumab exhibited
a strong capacity to induce lysis of human MM cell lines
when 1ncubated with PBMCs or purified NK cells.
EGFRvVIII has a deletion 1n 1ts extracellular domain that
results 1n the formation of a new, tumor-specific target found
in glioblastoma, as well as 1n breast, ovarian, prostate, and
lung carcinomas. The antigen-specific nature of the scFvs
allows the fusion protein to engage specifically with the
NKG2D and the TAA molecules, yielding fewer side eflects
than current treatment methods.

The disclosed polypeptide can be engineered using
recombinant DNA technology. In some embodiments, the
polypeptide 1s a fusion protein expressed by a nucleic acid
expressing the TAA antibody and the NKG2D antibody. The
DNA sequence coding for the engineered fusion protein can
be 1ncorporated into a bacteria expression vector. The dis-
closed polypeptide can be easily produced, refolded and
purified using anion exchange chromatography column. In
some embodiments, the TAA antibody and the NKG2D
antibody are separate peptides chemically conjugated
together to form the disclosed polypeptide.

The scFvs of anti-TAA antibody and anti-NKG2D anti-
body can be joined and linked together with a non-1immu-
nogenic linker. In some embodiments, the linker may be
derived from, or be a variant of, the human muscle aldose
protein.

When the disclosed polypeptide 1s administered to a
subject with cancer cells expressing the TAA, the anti-TAA
scFv binds to the cancer cell surface with one arm and the
ant1-NKG2D scFv binds to killer cells” NKG2D receptor on
the other arm. This engagement will bridge cancer and killer
cells, forming immunological lytic synapses. The killer cells
can release perforin and granzymes over the synapses, which
destroy the cell membrane and induce cell death of the
cancer cells. In some embodiments, the anti-TAA scFv 1s
ant1-CS-1. In another particular embodiment, the anti-TAA
scFv 1s anti-EGFRvIII. Thus, the disclosed polypeptide can
link kialler cells to multiple myeloma cells, glioblastoma,
breast cancer, ovarian cancer, prostate cancer, and lung
carcinomas.

In some embodiments, the disclosed polypeptide com-
prises a ligand that attaches to NKG2D (1.e., mnstead of an
antibody). Such ligands may be from the MIC or the ULBP
For example, the NKG2D ligand may be MICA or MICB, or
the NKG2D ligand may be ULBP1, ULBP2, ULBP3,
ULBP4, ULBPS, or ULBPS6.

In another alternative embodiment, the disclosed poly-
peptide comprises a ligand (1.¢., instead of an antibody) that
binds to the TAA, e.g., CS-1 or EGFRVIII.

Also disclosed herein are two nucleic acid constructs, e.g.,
pGEX6p1m-TriCLE and pET21d-TriCLE, that code for the
disclosed polypeptides. The constructs can be used 1n high
yield translation of the protein, using bacterial, mammalian,
or fungal cells. The translations can be driven by strong T7
promoters. While the pGEX6plm and pET21d expression
vectors have been found to support eflicient protein trans-
lation, the scope of the invention includes other expression
vectors paired with sequences encoding the fusion proteins
disclosed herein.

As used 1n the specification and claims, the singular form
a,” “an,” and “the” include plural references unless the
context clearly dictates otherwise. For example, the term “a
cell” includes a plurality of cells, including mixtures thereof.

The terms “about” and “approximately” are defined as
being “close to” as understood by one of ordinary skill in the
art. In one non-limiting embodiment the terms are defined to

&6
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be within 10%. In another non-limiting embodiment, the
terms are defined to be within 5%. In still another non-
limiting embodiment, the terms are defined to be within 1%.

The terms “peptide,” “protein,” and “polypeptide” are
used interchangeably to refer to a natural or synthetic
molecule comprising two or more amino acids linked by the
carboxyl group of one amino acid to the alpha amino group
of another. The term “protein” mncludes amino acids joined
to each other by peptide bonds or modified peptide bonds,
¢.g., peptide 1sosteres, etc. and can contain modified amino
acids other than the 20 gene-encoded amino acids. The
polypeptides can be modified by either natural processes,
such as post-translational processing, or by chemical modi-
fication techniques which are well known 1n the art.

The term “protein domain™ refers to a portion of a protein,
portions of a protein, or an entire protein showing structural
integrity; this determination may be based on amino acid
composition ol a portion of a protein, portions of a protein,
or the entire protein.

As used herein, “peptidomimetic” means a mimetic of a
peptide which includes some alteration of the normal pep-
tide chemistry. Peptidomimetics typically enhance some
property of the original peptide, such as increase stability,
increased eflicacy, enhanced delivery, increased half life,
etc. Methods of making peptidomimetics based upon a
known polypeptide sequence 1s described, for example, in
U.S. Pat. Nos. 5,631,280; 5,612,895; and 5,579,250. Use of
peptidomimetics can ivolve the incorporation of a non-
amino acid residue with non-amide linkages at a given
position. One embodiment of the present mvention 1s a
peptidomimetic wherein the compound has a bond, a peptide
backbone or an amino acid component replaced with a
suitable mimic. Some non-limiting examples of unnatural
amino acids which can be suitable amino acid mimics
include p-alamne, L-c-amino butyric acid, L-y-amino
butyric acid, L-o.-amino 1sobutyric acid, L-g-amino caproic
acid, 7-amino heptanoic acid, L-aspartic acid, L-glutamic
acid, N-e-Boc-N-a-CBZ-L-lysine, N-e-Boc-N-a.-Fmoc-L-
lysine, L-methionine sulfone, L-norleucine, L-norvaline,
N-a-Boc-N-0CBZ-L-ornithine, N-0-Boc-N-o.-CBZ-L.-orni-
thine, Boc-p-nitro-L-phenylalanine, Boc-hydroxyproline,
and Boc-L-thioproline.

The term “fusion protein™ refers to a polypeptide formed
by the joining of two or more polypeptides through a peptide
bond formed between the amino terminus of one polypep-
tide and the carboxyl terminus of another polypeptide. The
fusion protein can be formed by the chemical coupling of the
constituent polypeptides or it can be expressed as a single
polypeptide from nucleic acid sequence encoding the single
contiguous fusion protein. A single chain fusion protein 1s a
fusion protein having a single contiguous polypeptide back-
bone. Fusion proteins can be prepared using conventional
techniques 1n molecular biology to join the two genes in
frame 1nto a single nucleic acid, and then expressing the
nucleic acid 1n an appropriate host cell under conditions in
which the fusion protein 1s produced.

The term “antibody” refers to natural or synthetic anti-
bodies that selectively bind a target antigen. The term
includes polyclonal and monoclonal antibodies. In addition
to intact immunoglobulin molecules, also included 1n the
term “antibodies” are fragments or polymers of those immu-
noglobulin molecules, and human or humanized versions of
immunoglobulin molecules that selectively bind the target
antigen.

The term “protein fragment” or “antibody fragment™
refers to a functional portion of a full-length protein or
antibody. When referring to an antibody fragment, the
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fragment 1s generally the target binding or variable region.
Examples of antibody fragments include Fab, Fab', F(ab')2
and Fv fragments. The phrase “functional fragment or
analog” of an antibody 1s a compound having qualitative
biological activity in common with a full-length antibody.
For example, a functional fragment or analog of an anti-
CS-1 antibody 1s one which can bind to a CS-1 molecule on
a cancer cell surface. As used herein, “functional fragment™
with respect to antibodies, refers to Fv, F(ab) and F(ab')2
fragments. An “Fv” fragment 1s the minimum antibody
fragment which contains a complete target recognition and
binding site. This region consists of a dimer of one heavy
and one light chain variable domain 1n a tight, non-covalent
association V.-V, dimer). It 1s 1n this configuration that the
three CDRs of each variable domain interact to define a
target binding site on the surface of the V.-V, dimer.
Collectively, the six CDRs confer target binding specificity
to the antibody. However, even a single variable domain
(scFv, or half of an Fv comprising only three CDRs specific
for a target) has the ability to recognize and bind target,

although at a lower aflinity than the entire binding site.

The terms “CDR”, and 1ts plural “CDRs”, refer to the
complementarity determining region of which three make up
the binding character of a light chain vaniable region (CDR -
L1, CDR-L2 and CDR-L3) and three make up the binding
character of a heavy chain variable region (CDR-H1, CDR-
H2 and CDR-H3). CDRs contain most of the residues
responsible for specific interactions of the antibody with the
antigen and hence contribute to the functional activity of an
antibody molecule: they are the main determinants of anti-
gen specificity.

“Single-chain Fv” or “scFv” antibody fragments comprise
the V, and V, domains of an antibody, wherein these
domains are present in a single polypeptide chain. Generally,
the Fv polypeptide further comprises a polypeptide linker
between the V., and V,; domains which enables the sFv to
form the desired structure for target binding.

The term “specifically binds™”, as used herein, when
referring to a polypeptide (including antibodies) or receptor,
refers to a binding reaction which 1s determinative of the
presence of the protein or polypeptide or receptor mn a
heterogeneous population of proteins and other biologics.
Thus, under designated conditions (e.g. immunoassay con-
ditions 1n the case of an antibody), a specified ligand or
antibody “specifically binds™ to 1ts particular “target” (e.g.
an antibody specifically binds to an endothelial antigen)
when 1t does not bind 1n a significant amount to other
proteins present in the sample or to other proteins to which
the ligand or antibody may come 1n contact in an organism.
Generally, a first molecule that “specifically binds” a second
molecule has an affinity (K ) greater than about 10° M~
(e.g., 10° M, 10’ M, 10° M~ %, 10° M, 10'° M, 10"
M, and 10'* M~! or more) with that second molecule. In
some embodiments, the K can be from 10™°t0 107" M™". In
other embodiments, the K can be from 107 to 107> M.

A “ligand”, as used herein, refers generally to all mol-
ecules capable of reacting with or otherwise recognizing or
binding to a receptor on a target cell.

Covalent modifications of the disclosed polypeptides con-
structs are also contemplated, which are generally, but not
always, done post-translationally. For example, several
types of covalent modifications of the disclosed polypep-
tides can be introduced into the molecule by reacting spe-
cific amino acid residues of the polypeptides construct with
an organic derivatizing agent that 1s capable of reacting with
selected side chains or the N- or C-terminal residues.
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In some embodiments, the glycosylation pattern of the
disclosed polypeptide 1s altered. As 1s known 1n the art,
glycosylation patterns can depend on both the sequence of
the protein (e.g., the presence or absence of particular
glycosylation amino acid residues, discussed below), or the
host cell or organism in which the protein 1s produced.
Glycosylation of polypeptides 1s typically either N-linked or
O-linked. N-linked refers to the attachment of the carbohy-
drate moiety to the side chain of an asparagine residue. The
tri-peptide sequences asparagine-X-serine and asparagine-
X-threonine, where X 1s any amino acid except proline, are
the recognition sequences for enzymatic attachment of the
carbohydrate moiety to the asparagine side chain. Thus, the
presence ol either of these tri-peptide sequences 1n a poly-
peptide creates a potential glycosylation site. O-linked gly-
cosylation refers to the attachment of one of the sugars
N-acetylgalactosamine, galactose, or xylose, to a
hydroxyamino acid, most commonly serine or threonine,
although 3-hydroxyproline or 5-hydroxylysine may also be
used. Another means of increasing the number of carbohy-
drate moieties 1s by chemical or enzymatic coupling of
glycosides to the protein. These procedures are advanta-
geous 1n that they do not require production of the protein 1n
a host cell that has glycosylation capabilities for N- and
O-linked glycosylation.

In some embodiments, the disclosed polypeptide turther
comprises one or more labels. The labeling group may be
coupled to the disclosed polypeptide via spacer arms of
various lengths to reduce potential steric hindrance. Various
methods for labeling proteins are known in the art. In
general, labels fall into a varniety of classes, depending on the
assay 1n which they are to be detected—the following
examples include, but are not limited to: a) 1sotopic labels,

which may be radioactive or heavy 1sotopes, such as radio-
1sotopes or radionuclides (e.g., 3H, 14C, 13N, 35S, 897r,

90Y 991c, 111In, 1251, 1311); b) magnetic labels (e.g.,
magnetic particles); ¢) redox active moieties; d) optical dye
(including, but not limited to, chromophores, phosphors and
fluorophores) such as fluorescent groups (e.g., FITC, rhod-
amine, lanthanide phosphors), chetniluminescent groups,
and fluorophores which can be either “small molecule”
fluores or proteinaceous fluores; €) enzymatic groups (e.g.
horseradish peroxidase, 3-galactosidase, luciferase, alkaline
phosphatase); 1) biotinylated groups; g) predetermined poly-
peptide epitopes recognized by a secondary reporter (e.g.,
leucine zipper pair sequences, binding sites for secondary
antibodies, metal binding domains, epitope tags, etc.), and h)
PEGylation.

The disclosed polypeptide may also comprise additional
domains that are e.g. helptul in the 1solation of the molecule
or relate to an adapted pharmacokinetic profile of the
molecule. Domains helptul for the 1solation of a polypeptide
may be selected from peptide motifs or secondarily intro-
duced moieties, which can be captured mm an 1solation
method, e.g. an 1solation column.

Non-limiting embodiments of such additional domains
comprise peptide motifs known as Myc-tag, HAT-tag, HA-
tag, TAP-tag, GST-tag, chitin binding domain (CBD-tag),
maltose binding protein (MBP-tag), FLAG®-tag, Strep-tag
and variants thereof (e.g. Strepl1-tag) and His-tag. In some
embodiments, the disclosed polypeptide comprises a His-tag
domain, which 1s generally known as a repeat of consecutive
His residues in the amino acid sequence of a molecule,
preferably of six His residues.

Amino acid sequence modifications are also contem-
plated. For example, 1t may be desirable to improve the
binding afhmty of the polypeptide, alter the biological
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properties, or to introduce gain-of-function mutations.
Amino acid sequence variants are prepared by introducing
appropriate nucleotide changes into the polypeptide’s
nucleic acid, or by peptide synthesis.

The term “amino acid” or “amino acid residue” typically
refers to an amino acid having 1ts art recognized definition
such as an amino acid selected from the group consisting of:
alamine (Ala or A); arginine (Arg or R); asparagine (Asn or
N); aspartic acid (Asp or ID); cysteine (Cys or C); glutamine
(Gin or Q); glutamic acid (Glu or E); glycine (Gly or G);
histidine (His or H); 1soleucine (He or I): leucine (Leu or L);
lysine (Lys or K); methionine (Met or M); phenylalanine
(Phe or F); pro line (Pro or P); serine (Ser or S); threonine
(Thr or T); tryptophan (Trp or W); tyrosine (ITyr or Y); and
valine (Val or V), although modified, synthetic, or rare
amino acids may be used as desired. Generally, amino acids
can be grouped as having a nonpolar side chain (e.g., Ala,
Cys, He, Leu, Met, Phe, Pro, Val); a negatively charged side
chain (e.g., Asp, Glu); a positively charged sidechain (e.g.,
Arg, His, Lys); or an uncharged polar side chain (e.g., Asn,
Cys, Gin, Gly, His, Met, Phe, Ser, Thr, Trp, and Tyr).

Amino acid modifications include, for example, deletions
from, and/or insertions into, and/or substitutions of, residues
within the amino acid sequences of the antibody constructs.
Any combination of deletion, msertion, and substitution 1s
made to arrive at the final construct, provided that the final
construct possesses the desired characteristics. The amino
acid changes also may alter post-translational processes of
the disclosed polypeptide, such as changing the number or
position of glycosylation sites.

For example, 1, 2, 3, 4, 5, or 6 amino acids may be
inserted or deleted in each of the CDRs (of course, depen-
dent on their length). An 1nsertional variant of the disclosed
polypeptide includes a fusion to the N-terminus or to the
C-terminus of the disclosed polypeptide to an enzyme or a
fusion to a polypeptide which increases the serum half-life
of the disclosed polypeptide.

The sites of greatest interest for substitutional mutagen-
esis 1nclude the CDRs of the heavy and/or light chain, 1n
particular the hypervariable regions. The substitutions are
preferably conservative substitutions as described herein.
Preferably, 1, 2,3,4,5,6,7,8,9, or 10 amino acids may be
substituted 1n a CDR, while 1, 2, 3, 4, 5, 6,7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, or 25 amino acids may be
substituted 1n the framework regions (FRs), depending on
the length of the CDR or FR. For example, if a CDR
sequence encompasses 6 amino acids, 1t 1s envisaged that
one, two or three of these amino acids are substituted.
Similarly, 11 a CDR sequence encompasses 15 amino acids
it 1s envisaged that one, two, three, four, five or six of these
amino acids are substituted.

A useful method for identification of certain residues or
regions of the antibody constructs that are preferred loca-
tions for mutagenesis 1s called “alanine scanning mutagen-
esis” as described by Cunningham and Wells 1in Science,
244: 1081-1085 (1989). Here, a residue or group of target
residues within the antibody construct 1s/are i1dentified (e.g.
charged residues such as arg, asp, his, lys, and glu) and
replaced by a neutral or negatively charged amino acid (most
preferably alanine or polyalanine) to affect the interaction of
the amino acids with the epitope.

Those amino acid locations demonstrating functional sen-
sitivity to the substitutions then are refined by introducing
further or other variants at, or for, the sites of substitution.
Thus, while the site or region for imtroducing an amino acid
sequence variation 1s predetermined, the nature of the muta-
tion per se needs not to be predetermined. For example, to
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analyze or optimize the performance of a mutation at a given
site, alanine scanning or random mutagenesis may be con-
ducted at a target codon or region, and the expressed
antibody construct variants are screened for the optimal
combination of desired activity. Techniques for making
substitution mutations at predetermined sites 1 the DNA
having a known sequence are well known, for example, M13
primer mutagenesis and PCR mutagenesis. Screeming of the
mutants 1s done using assays of target antigen binding
activities.

Also disclosed are variants of the disclosed polypeptides
having conservative amino acid substitutions, non-conser-
vative amino acid substitutions (i.e. a degenerate variant),
substitutions within the wobble position of each codon (i.e.
DNA and RNA) encoding an amino acid, amino acids added
to the C-terminus of a peptide, or a peptide having 60%,
70%, 80%, 90%, or 95% homology to a reference sequence.

The term “percent (%) sequence 1dentity” or “homology™
1s defined as the percentage of nucleotides or amino acids 1n
a candidate sequence that are 1dentical with the nucleotides
or amino acids 1n a reference nucleic acid sequence, after
aligning the sequences and mtroducing gaps, 1f necessary, to
achieve the maximum percent sequence identity.

Generally, 1 amino acids are substituted 1n one or more or
all of the CDRs of the heavy and/or light chain, 1t is
preferred that the then-obtained “substituted” sequence 1s at
least 60%, 65%, 70%., 75%, 80%, 90%, 95% i1dentical to the
“original” CDR sequence. This means that 1t 1s dependent of
the length of the CDR to which degree it 1s 1dentical to the
“substituted” sequence. For example, a CDR having 5 amino
acids can be 80% identical to 1ts substituted sequence 1n
order to have at least one amino acid substituted. Accord-
ingly, the CDRs of the antibody construct may have different
degrees of identity to their substituted sequences, e.g.,
CDRLI1 may have 80%, while CDRL3 may have 90%.

In some cases, the substitutions (or replacements) are
conservative substitutions. However, any substitution 1is
envisaged as long as the antibody construct retains its
capability to bind to NKG2D wvia the first binding domain
and to a TAA, such as CS-1 or FGFRvVIII, via the second
binding domain.

For amino acid sequences, sequence 1dentity and/or simi-
larity 1s determined by using standard techniques known 1n
the art, including, but not limited to, the local sequence
identity algorithm of Smith and Waterman, 1981, Adv. Appl.
Math. 2:482, the sequence 1dentity alignment algorithm of
Needleman and Wunsch, 1970, J. Mol. Biol. 48:443, the
search for similarity method of Pearson and Lipman, 1988,
Proc. Nat. Acad. Sci. U.S.A. 85:2444, computerized imple-
mentations of these algorithms (GAP, BESTFIT, FASTA,
and TFASTA 1n the Wisconsin Genetics Software Package,
Genetics Computer Group, 575 Science Drive, Madison,
Wis.), the Best Fit sequence program described by Devereux
et a/., 1984, Nucl. Acid Res. 12:387-395, preferably using
the default settings, or by inspection. Preferably, percent
identity 1s calculated by FastDB based upon the following
parameters: mismatch penalty of 1; gap penalty of 1; gap
s1ize penalty of 0.33; and joining penalty of 30, “Current
Methods 1n Sequence Comparison and Analysis,” Macro-

molecule Sequencing and Synthesis, Selected Methods and
Applications, pp 127-149 (1988), Alan R. Liss, Inc. An

example of a usetul algorithm 1s PILEUP. PILEUP creates a
multiple sequence alignment from a group of related
sequences using progressive, pairwise alignments. It can
also plot a tree showing the clustering relationships used to
create the alignment. PILEUP uses a simplification of the
progressive alignment method of Feng & Doolittle, 1987, J.
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Mol. Evol. 35:351-360; the method i1s similar to that
described by Higgins and Sharp, 1989, CABIOS 3:151-133.
Usetul PILEUP parameters including a default gap weight of
3.00, a default gap length weight of 0.10, and weighted end
gaps.

Another example of a useful algorithm i1s the BLAST
algorithm, described 1n: Altschul et al., 1990, J. Mol. Biol.
215:403-410; Altschul et al., 1997, Nucleic Acids Res.
25:3389-3402; and Karin et al., 1993, Proc. Natl. Acad. Sci.
U.S.A. 90:5873-5787. A particularly useful BLAST pro-
gram 1s the WU-BLAST-2 program which was obtained
from Altschul of al., 1996, Methods 1n Enzymology 266:
460-480. WU-BLAST-2 uses several search parameters,
most of which are set to the default values. The adjustable
parameters are set with the following wvalues: overlap
span=1, overlap fraction=0.125, word threshold (T)=11. The
HSP S and HSP S2 parameters are dynamic values and are
established by the program itsell depending upon the com-
position of the particular sequence and composition of the
particular database against which the sequence of interest 1s
being searched; however, the values may be adjusted to

increase sensitivity.
An additional usetul algorithm 1s gapped BLAST as

reported by Altschul et al., 1993, Nucl. Acids Res. 25:3389-
3402. Gapped BLAST uses BLOSUM-62 substitution
scores; threshold T parameter set to 9; the two-hit method to
trigger ungapped extensions, charges gap lengths of k a cost
of 10+k; Xu set to 16, and Xg set to 40 for database search
stage and to 67 for the output stage of the algorithms.
Gapped alignments are triggered by a score corresponding to
about 22 bats.

Generally, the amino acid homology, similarity, or 1den-
tity between 1individual variant CDRs are at least 60% to the
sequences depicted herein, and more typically with prefer-
ably increasing homologies or 1dentities of at least 65% or
70%, more preferably at least 75% or 80%, even more
preferably at least 85%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, and almost 100%. In a similar
manner, “percent (%) nucleic acid sequence 1dentity” with
respect to the nucleic acid sequence of the binding proteins
identified herein 1s defined as the percentage of nucleotide
residues 1n a candidate sequence that are 1dentical with the
nucleotide residues 1n the coding sequence of the antibody
construct. A specific method utilizes the BLASTN module
of WU-BLAST-2 set to the default parameters, with overlap
span and overlap fraction set to 1 and 0.123, respectively.

Generally, the nucleic acid sequence homology, similar-
ity, or 1dentity between the nucleotide sequences encoding
individual vartant CDRs and the nucleotide sequences
depicted herein are at least 60%, and more typically with
preferably increasing homologies or identities of at least
65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99%, and almost 100%. Thus, a ‘“‘“variant
CDR” 1s one with the specified homology, similarity, or
identity to the parent CDR of the ivention, and shares
biological function, including, but not limited to, at least
60%, 65%, 70%, 75%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%., 97%, 98%, or 99% of the specificity and/or activity of
the parent CDR.

In some embodiments, the disclosed polypeptide 1s a
bi-specific single chain antibody having the following for-
mula:

ViN-VuN-V; T-V 1,

VN-V N-V1-V; T,
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V,N-V,N-V,T-V, T, or

VHN-VLN-VLT-VHT?

wherein “V N 1s a heavy chain variable domain specific
for NKG2D:

wherein “V N 1s a light chain variable domain specific
for NKG2D:;

wherein “V /17 1s a heavy chain variable domain specific
for a tumor cell antigen;

wherein “V ;T 1s a light chain vaniable domain specific
for the tumor cell antigen;

wherein “-” consists of a peptide linker or a peptide bond;
and
wherein - consists of a peptide linker or a peptide bond.

Note that the above formula does not specily direction
and therefore contemplates that either end can be the amino
terminus or the carboxy terminus.

In some embodiments, the tumor cell antigen 1s CS-1 or
EGFRvVIII.

In some embodiments, VN Comprises the amino acid
sequence SEQ ID NO:3, and V,N. comprises the amino acid
sequence SEQ 1D NO:0:6. In some embodiments, V1
comprises the amino acid sequence SEQ ID NO:13 and V T
comprises the amino acid sequence SEQ ID NO:14. In some
embodiments, V /1 comprises the amino acid sequence SEQ
ID NO:19 and V, T comprises the amino acid sequence SEQ)
ID NO:20. In some embodiments, the “-” linker comprises
the amino acid sequence SEQ ID NO:8, 1n some embodi-
ments, the “-” linker comprises the amino acid sequence
SEQ ID NO:10. For any of these embodiments, the specified
sequences may be modified to improve the binding aflinity
of the polypeptide, alter the biological properties, or to
introduce gain-of-function mutations. For example, in some
embodiments, the above sequences can contain 1, 2, 3, 4, or
5 amino acid substitutions, such as conservative substitu-
tions, that maintain or improve binding aflinity.

In some embodiments, the polypeptide comprises the
amino acid sequence SEQ ID NO:21.

Bispecific antibodies can be constructed using only anti-
body wvariable domains. A fairly efhicient and relatively
simple method 1s to make the linker sequence between the
V., and V, domains so short that they cannot fold over and
bind one another. Reduction of the linker length to 3-12
residues prevents the monomeric configuration of the scFv
molecule and favors intermolecular V.-V, pairings with
formation of a 60 kDa non-covalent scFv dimer “diabody”.
The diabody format can also be used for generation of
recombinant bi-specific antibodies, which are obtained by
the noncovalent association of two single-chain fusion prod-
ucts, consisting of the V., domain from one antibody con-
nected by a short linker to the V, domain of another
antibody. Reducing the linker length still further below three
residues can result in the formation of trimers (“triabody”,
about 90 kDa) or tetramers (“tetrabody”, about 120 kDa).
For a review of engineered antibodies, particularly single
domain fragments, see Holliger and Hudson, 20035, Nature
Biotechnology, 23:1126-1136. All of such engineered anti-
bodies can be used in the fusion polypeptides provided
herein.

Tetravalent TANDAB® (tandem diabody) can be pre-
pared substantially as described 1n WO 1999057150 A3 or
US20060233°787, which are incorporated by reference for
the teaching of methods of making TANDAB® molecules.

The antigen recognition sites or entire variable regions of
the engineered antibodies can be derived from one or more
parental antibodies directed against any antigen of interest
(e.g., CS-1). The parental antibodies can include naturally
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occurring antibodies or antibody fragments, antibodies or
antibody fragments adapted from naturally occurring anti-
bodies, antibodies constructed de novo using sequences of
antibodies or antibody fragments known to be specific for an
antigen ol interest. Sequences that can be derived from
parental antibodies include heavy and/or light chain variable
regions and/or CDRs, framework regions or other portions
thereof.

In some embodiments, the bispecific antibody can be
subjected to an alteration to render 1t less immunogenic
when administered to a human. Such an alteration can
comprise one or more of the techniques commonly known as
chimerization, humamzation, CDR-grafting, deimmuniza-
tion and/or mutation of framework region amino acids to
correspond to the closest human germline sequence (germ-
lining). Bispecific antibodies which have been altered will
therefore remain administrable for a longer period of time
with reduced or no immune response-related side eflects
than corresponding bispecific antibodies which have not
undergone any such alteration(s), One of ordinary skill in the
art will understand how to determine whether, and to what
degree an antibody must be altered in order to prevent it
from eliciting an unwanted host immune response.

As used herein, a “killer cell” may be a cytotoxic T cells,
a gamma-delta T cells, a natural killer (NK) cells, and

natural killer T (NKT) cells.

Generally a linker has no specific biological activity other
than to join the protemns or to preserve some minimum
distance or other spatial relationship between them. How-
ever, the constituent amino acids of a linker can be selected
to influence some property of the molecule such as the
folding, net charge, or hydrophobicity of the molecule.
Peptide linkers (-) suitable for production of scFv antibodies
are described 1n Kumada Y, et al. Biochemical Engineering

Journal. 2007 35 (2):158-165; Albrecht H, et al. J Immunol
Methods. 2006 310 (1-2):100-16; Feng 1, et al. J Immunol
Methods. 2003 282 (1-2):33-43; Grifliths A D, et al. Curr
Opin Biotechnol. 1998 9 (1):102-8; Huston I S, et al.
Methods Enzymol. 1991 203:46-88; Bird R E, et al. Science.
1988 242 (48°77):423-6; Takkinen K, et al. Protein Eng. 1991

4 (7):837-41; Smallshaw I E, et al. Protein Eng. 1999 12
(7):623-30; Argos P. ] Mol Biol. 1990 211 (4):943-38; and
Whitlow M, et al. Protein Eng. 1993 6 (8):989-93, which are
hereby incorporated by reference for the teachings of these
linkers and methods of producing scFv antibodies against

different targets using various linkers.

The particular length of the peptide linker used to join the
sckFv molecules together 1s important 1n determining hali-
life, immunogenicity, and activity of the overall construct. In
some embodiments, the linker sequence 1s 4, 5, 6,7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25 or
more amino acids in length. In some embodiments, the
linker sequence (-) comprises a fragment of the human
muscle aldose protein, (SEQ ID NO: 10), or a varnant
thereof. The linker 1s preferably long enough to not interfere
with proper folding and association of the V -V, chains but
not so long as to cause added immunogenicity.

The protein or fragment disclosed herein can also include
at least one additional linker for linking the V,, and the V,
chains of a single scFv. For example, the linker may be a
glycine-serine linker that can be varied in sizes from 3-5

repeats of GGGGS (SEQ 1D NO:22). For example, SEQ 1D
NO:8 1s 3 repeats of GGGGS (SEQ ID NO:22)to yielda 15
amino acid long linker. Other potential sequences for linking
the V., and the V,; chains of a single scFv include artificial
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linkers containing the first six amino acids of the CHI
domain, and/or the hydrophilic alpha-tubulin peptide
sequence.

Also disclosed 1s a polynucleotide encoding a polypeptide
disclosed herein. Also disclosed 1s a vector comprising the
disclosed polynucleotide. A vector 1s a nucleic acid molecule
used as a vehicle to transfer (foreign) genetic material 1nto
a cell. The term ““vector” encompasses—but 1s not restricted
to—plasmids, viruses, cosmids and artificial chromosomes.
In general, engineered vectors comprise an origin of repli-
cation, a multicloning site and a selectable marker. The
vector 1tself 1s generally a nucleotide sequence, commonly
a DNA sequence, that comprises an insert (transgene) and a
larger sequence that serves as the “backbone” of the vector.
Modern vectors may encompass additional features besides
the transgene insert and a backbone: promoter, genetic
marker, antibiotic resistance, reporter gene, targeting
sequence, protein purification tag. Expression vectors are for
the expression ol the transgene 1n the target cell, and
generally have control sequences. The term “control
sequences” refers to DNA sequences necessary for the
expression of an operably linked coding sequence in a
particular host organism. The control sequences that are
suitable for prokaryotes, for example, include a promoter,
optionally an operator sequence, and a ribosome binding
site. Eukaryotic cells are known to utilize promoters, poly-
adenylation signals, and enhancers.

Also disclosed 1s a host cell transformed or transfected
with the disclosed polynucleotide or vector. As used herein,
the terms “host cell” or “recipient cell” are intended to
include any individual cell or cell culture that can be or
has/have been recipients of vectors, exogenous nucleic acid
molecules, and polynucleotides encoding the disclosed poly-
peptide; and/or recipients of the polypeptide itsell. The
introduction of the respective material into the cell 1s carried
out by way of transformation, transiection and the like. The
term “host cell” 1s also intended to include progeny or
potential progeny of a single cell. Because certain modifi-
cations may occur 1n succeeding generations due to either
natural, accidental, or deliberate mutation or due to envi-
ronmental influences, such progeny may not, in fact, be
completely 1dentical (in morphology or in genomic or total
DNA complement) to the parent cell, but 1s still included
within the scope of the term as used herein. Suitable host
cells 1nclude prokaryotic or eukaryotic cells, and also
include but are not limited to bactena, yeast cells, Tungi
cells, plant cells, and animal cells such as msect cells and
mammalian cells, e.g., murine, rat, macaque or human.

The disclosed polypeptide can be produced in bacteria. In
addition to prokaryotes, eukaryotic microbes such as fila-
mentous fungi or yeast are suitable cloning or expression
hosts for the disclosed polypeptide. Saccharomyces cerevi-
siae, or common baker’s yeast, 1s the most commonly used
among lower eukaryotic host microorganisms. However, a
number of other genera, species, and strains are commonly
available and useful herein, such as Schizosaccharomyces

pombe, Kluyveromyces hosts such as K. lactis, K. fragilis
(ATCC 12424), K. bulgaricus (AT CC 16045), K. wickeramii

(ATCC 24178), K. waltii (ATCC 56300), K. drosophilarum
(ATCC 369006), K. thermotolerans, and K. marxiamus; yvar-
rowia (EP 402 226); Pichia pastoris (EP 183 070); Candida;
Ivichoderma reesia (EP 244 234); Neurospora crassa;
Schwanniomyces such as Schwanniomyces occidentalis; and
filamentous fungi such as Neurospora, Penicillium, Tolypo-
cladium and Aspergillus hosts such as A. nidulans and A.
niger.
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Suitable host cells for the expression of glycosylated
polypeptides are derived from multicellular organisms.
Examples of invertebrate cells include plant and 1nsect cells.
Numerous baculoviral strains and variants and correspond-
ing permissive insect host cells from hosts such as Spodop-
tera frugiperda (caterpillar), Aedes aegypti (mosquito),
Aedes albopictus (mosquito), Drosophila melanogaster
(fruit fly), and Bombyx mori have been 1dentified. A variety
of viral strains for transiection are publicly available, e.g.,
the L-1 vanant of Autographa californica NPV and the
Bm-5 strain of Bombyx mori NPV Plant cell cultures of
cotton, corn, potato, soybean, petuma, tomato, Arabidopsis
and tobacco can also be used as hosts. Cloning and expres-
s10n vectors useful 1n the production of proteins in plant cell
culture are known to those of skill 1n the art.

Suitable host cells also include vertebrate cells, and
propagation of vertebrate cells 1n culture (tissue culture) has
become a routine procedure. Examples of useful mammalian
host cell lines are monkey kidney CV1 line transformed by
SV40 (COS-7, ATCC CRL 1651); human embryonic kidney
line (293 or 293 cells subcloned for growth 1n suspension
culture, Graham et al. , J. Gen Virol. 36: 59 (1977)); baby
hamster kidney cells (BHK, ATCC CCL 10); Chinese ham-
ster ovary cells/-DHFR (CHO, Urlaub of al., Proc. Natl.
Acad. Sc1. USA 77: 4216 (1980)); mouse Sertoli cells (TM4,
Mather, Biol. Reprod. 23: 243-251 (1980)); monkey kidney
cells (CV1 ATCC CCL 70); African green monkey kidney
cells (VERO-76, ATCC CRL1387); human cervical carci-
noma cells (HELA, ATCC CCL 2); camine kidney cells
(MDCK, ATCC CCL 34); buflalo rat liver cells (BRL 3A,
ATCC CRL 1442); human lung cells (W138, ATCC CCL
75); human liver cells (Hep G2,1413 8063); mouse mam-
mary tumor (MMT 060362, ATCC CCL5 1); TR1 cells
(Mather et al., Annals N. Y Acad. Sci1. (1982) 383: 44-68);
MRC 5 cells; FS4 cells; and a human hepatoma line (Hep
G2).

Also disclosed 1s a process for the production of a
polypeptide disclosed herein, said process comprising cul-
turing a host cell disclosed herein under conditions allowing
the expression of the disclosed polypeptide and recovering
the polypeptide from the culture.

When using recombinant techniques, the disclosed poly-
peptide can be produced intracellularly, in the periplasmic
space, or directly secreted into the medium. If the polypep-
tide 1s produced intracellularly, as a first step, the particulate
debris, etther host cells or lysed fragments, are removed, for
example, by centrifugation or ultrafiltration. Polypeptides
can also be secreted to the periplasmic space of E. coli.
Brietly, cell paste 1s thawed in the presence of sodium
acetate (pH 3.5), EDTA, and phenylmethylsulfonylfluoride
(PMSF) over about 30 min. Cell debris can be removed by
centrifugation. Where the polypeptide 1s secreted into the
medium, supernatants from such expression systems are
generally first concentrated using a commercially available
protein concentration filter, for example, an Amicon or
Millipore Pellicon ultrafiltration unit. A protease inhibitor
such as PMSF may be included in any of the foregoing steps
to 1hibit proteolysis and antibiotics may be included to
prevent the growth of adventitious contaminants.

The disclosed polypeptide prepared from the host cells
can be recovered or purified using, for example, hydroxy-
lapatite chromatography, gel electrophoresis, dialysis, and
allinity chromatography. Other technmiques for protein puri-
fication such as fractionation on an ion-exchange column,
cthanol precipitation, Reverse Phase HPLC, chromatogra-
phy on silica, chromatography on heparin SEPHAROSE™,
chromatography on an anion or cation exchange resin (such
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as a polyaspartic acid column), chromato-focusing, SDS-
PAGE, and ammonium sulfate precipitation are also avail-
able depending on the polypeptide to be recovered. Where

the disclosed polypeptide comprises a CH3 domain, the
Bakerbond ABX resin (J. T. Baker, Phillipsburg, N.I.) 1s

usetul for purification.

Aflinity chromatography can be used. The matrix to
which the aflinity ligand 1s attached 1s most often agarose,
but other matrices are available. Mechanically stable matri-
ces such as controlled pore glass or poly (styrenedivinyl)
benzene allow for faster flow rates and shorter processing
times than can be achieved with agarose.

Also disclosed 1s a pharmaceutical composition compris-
ing a polypeptide disclosed herein 1n a pharmaceutically
acceptable carrier. By “pharmaceutically acceptable” 1s
meant a material that 1s not biologically or otherwise unde-
sirable, 1.e., the material may be administered to a subject,
along with the nucleic acid or vector, without causing any
undesirable biological effects or interacting 1n a deleterious
manner with any of the other components of the pharma-
ceutical composition 1 which 1t 1s contained. The carrier
would naturally be selected to minimize any degradation of
the active ingredient and to minimize any adverse side
ellects 1n the subject, as would be well known to one of skill
in the art.

The compounds described herein can be formulated for
parenteral administration. Parenteral formulations can be
prepared as aqueous compositions using techniques 1s
known 1n the art. Typically, such compositions can be
prepared as 1njectable formulations, for example, solutions
or suspensions; solid forms suitable for using to prepare
solutions or suspensions upon the addition of a reconstitu-
tion medium prior to injection; emulsions, such as water-
in-o1l (w/0) emulsions, oil-in-water (o/w) emulsions, and
microemulsions thereof, liposomes, or emulsomes.

The carrier can be a solvent or dispersion medium con-
taining, for example, water, ethanol, one or more polyols
(e.g., glycerol, propylene glycol, and liquid polyethylene
glycol), oils, such as vegetable o1ls (e.g., peanut o1l, corn o1l,
sesame o1l, etc.), and combinations thereof.

The proper fluidity can be maintained, for example, by the
use of a coating, such as lecithin, by the maintenance of the
required particle size 1n the case of dispersion and/or by the
use of surfactants. In many cases, 1t will be preferable to
include 1sotonic agents, for example, sugars or sodium
chlonde.

Solutions and dispersions of the active compounds as the
free acid or base or pharmacologically acceptable salts
thereol can be prepared in water or another solvent or
dispersing medium suitably mixed with one or more phar-
maceutically acceptable excipients including, but not limited
to, surfactants, dispersants, emulsifiers, pH modifying
agents, and combination thereof.

Suitable surfactants may be anionic, cationic, amphoteric
or nonionic surface active agents. Suitable anionic surfac-
tants include, but are not limited to, those containing car-
boxylate, sulfonate and sulfate 1ons. Examples of anionic
surfactants include sodium, potasstum, ammonium of long
chain alkyl sulfonates and alkyl aryl sulfonates such as
sodium dodecylbenzene sulfonate; dialkyl sodium sulfosuc-
cinates, such as sodium dodecylbenzene sulfonate; dialkyl
sodium sulfosuccinates, such as sodium bis-(2-ethylthi-
oxyl)-sulfosuccinate; and alkyl sulfates such as sodium
lauryl sulfate. Cationic surfactants include, but are not
limited to, quaternary ammonium compounds such as ben-
zalkonium chloride, benzethonium chloride, cetrimonium
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bromide, stearyl dimethylbenzyl ammonium chloride, poly-
oxyethylene and coconut amine.

Examples of nonionic surfactants include ethylene glycol
monostearate, propylene glycol myristate, glyceryl monos-
tearate, glyceryl stearate, polyglyceryl-4-oleate, sorbitan
acylate, sucrose acylate, PEG-1350 laurate, PEG-400 mono-
laurate, polyoxyethylene monola.urate, polysorbates, poly-
oxyethylene octylphenylether, PEG-1000 cetyl ether, poly-

oxyethylene tridecyl ether, polypropylene glycol butyl ether,
POLOXAMER® 401, stearoyl monoisopropanolamide, and
polyoxyethylene hydrogenated tallow amide. Examples of
amphoteric surfactants include sodium N-dodecyl-[3-ala-
nine, sodium N-lauryl--iminodipropionate, myristoam-
phoacetate, lauryl betaine and lauryl sulfobetaine.

The formulation can contain a preservative to prevent the
growth of microorganisms. Suitable preservatives include,
but are not limited to, parabens, chlorobutanol, phenol,
sorbic acid, and thimerosal. The formulation may also
contain an antioxidant to prevent degradation of the active
agent(s).

The formulation 1s typically buflered to a pH of 3-8 for
parenteral administration upon reconstitution. Suitable bui-
ters include, but are not limited to, phosphate butlers, acetate
bufters, and citrate buflers.

Water soluble polymers are often used 1n formulations for
parenteral administration. Suitable water-soluble polymers
include, but are not limited to, polyvinylpyrrolidone, dex-
tran, carboxymethylcellulose, and polyethylene glycol.

Sterile 1njectable solutions can be prepared by incorpo-
rating the active compounds 1n the required amount 1n the
appropriate solvent or dispersion medium with one or more
of the excipients listed above, as required, followed by
filtered sterilization. Generally, dispersions are prepared by
incorporating the various sterilized active ingredients into a
sterile vehicle which contains the basic dispersion medium
and the required other ingredients from those listed above.
In the case of sterile powders for the preparation of sterile
injectable solutions, the preferred methods of preparation
are vacuum-drying and Ifreeze-drying techmiques which
yield a powder of the active ingredient plus any additional
desired 1ngredient from a previously sterile-filtered solution
thereof. The powders can be prepared 1n such a manner that
the particles are porous in nature, which can increase dis-
solution of the particles. Methods for making porous par-
ticles are well known 1n the art.

Peptides may be chemically modified so that oral delivery
of the denivative i1s eflicacious. Generally, the chemical
modification contemplated 1s the attachment of at least one
moiety to the component molecule itself, where said moiety
permits (a) inhibition of proteolysis; and (b) uptake into the
blood stream from the stomach or intestine. Also desired 1s
the increase 1n overall stability of the component or com-
ponents and increase in circulation time i the body. For
example, PEGylation 1s a preferred chemical modification
for pharmaceutical usage. Other moieties that may be used
include: propylene glycol, copolymers of ethylene glycol
and propylene glycol, carboxymethyl cellulose, dextran,
polyvinyl alcohol, polyvinyl pyrrolidone, polyproline, poly-
1,3-dioxolane and poly-1,3,6-tioxocane.

For oral formulations, the location of release may be the
stomach, the small intestine (the duodenum, the jejunem, or
the 1leum), or the large intestine. One skilled 1n the art has
available formulations which will not dissolve 1n the stom-
ach, yet will release the maternial 1n the duodenum or
clsewhere 1n the intestine. Preferably, the release will avoid
the deleterious eflects of the stomach environment, either by
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protection of the peptide (or denivative) or by release of the
peptide (or derivative) beyond the stomach environment,
such as 1n the intestine.

To ensure full gastric resistance a coating can be 1mper-
meable to at least pH 5.0. Examples of the more common
inert ingredients that are used as enteric coatings are cellu-

lose acetate trimellitate (CAT), hydroxypropylmethylcellu-
lose phthalate (HPMCP), HPMCP 50, HPMCP 53, polyvi-
nyl acetate phthalate (PVAP), Eudragit L.30D, Aquateric,
cellulose acetate phthalate (CAP), Eudragit L, Eudragit S,
and Shellac. These coatings may be used as mixed films.

A coating or mixture of coatings can also be used on
tablets, which are not intended for protection against the
stomach. This can include sugar coatings, or coatings which
make the tablet easier to swallow. Capsules may consist of
a hard shell (such as gelatin) for delivery of dry therapeutic
(1.e. powder), for liquid forms a soit gelatin shell may be
used. The shell material of cachets could be thick starch or
other edible paper. For pills, lozenges, molded tablets or
tablet triturates, moist massing techniques can be used.

To aid dissolution of peptides into the aqueous environ-
ment a surfactant might be added as a wetting agent.
Surfactants may include anionic detergents such as sodium
lauryl sulfate, dioctyl sodium sulfosuccinate and dioctyl
sodium sulfonate. Cationic detergents might be used and
could include benzalkonium chloride or benzethomium
chlonide. The list of potential nonionic detergents that could
be included 1n the formulation as surfactants are lauromac-
rogol 400, polyoxyl 40 stearate, polyoxyethylene hydroge-
nated castor o1l 10, 30 and 60, glycerol monostearate,
polysorbate 20, 40, 60, 65 and 80, sucrose fatty acid ester,
methyl cellulose and carboxymethyl cellulose. These sur-
tactants could be present 1n the formulation of the protein or
derivative either alone or as a mixture in different ratios.

Additives which potentially enhance uptake of peptides
are Tor istance the fatty acids oleic acid, linoleic acid and
linolenic acid.

Controlled release oral formulations may be desirable.
The peptides could be incorporated into an inert matrix
which permits release by either diffusion or leaching mecha-
nisms, €.g., gums. Slowly degenerating matrices may also be
incorporated into the formulation. Some enteric coatings
also have a delayed release effect. Another form of a
controlled release 1s by a method based on the Oros thera-
peutic system (Alza Corp.), 1.e. the drug 1s enclosed 1n a
semipermeable membrane which allows water to enter and
push drug out through a single small opening due to osmotic
cllects.

Other coatings may be used for the formulation. These
include a variety of sugars which could be applied 1 a
coating pan. The peptides could also be given 1n a film
coated tablet and the maternials used 1n this instance are
divided into 2 groups. The first are the nonenteric matenals
and mclude methyl cellulose, ethyl cellulose, hydroxyethyl
cellulose, methylhydroxy-ethyl cellulose, hydroxypropyl
cellulose, hydroxypropyl-methyl cellulose, sodium carboxy-
methyl cellulose, providone and the polyethylene glycols.
The second group consists of the enteric materials that are
commonly esters of phthalic acid.

A mix of materials might be used to provide the optimum
f1lm coating. Fi1lm coating may be carried out in a pan coater
or 1n a fluidized bed or by compression coating.

Also disclosed 1s a method for treating cancers 1n a subject
in need thereof that mvolves administering a polypeptide
disclosed herein to the subject. In some cases, the polypep-
tide 1s administered 1n a therapeutically effective amount.
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The herein disclosed compositions, including pharmaceu-
tical composition, may be administered in a number of ways
depending on whether local or systemic treatment 1s desired,
and on the area to be treated. For example, the disclosed
compositions can be administered intravenously, intraperi-
toneally, intramuscularly, subcutaneously, intracavity, or
transdermally. The compositions may be administered
orally, parenterally (e.g., intravenously), by intramuscular
injection, by intraperitoneal i1njection, transdermally, extra-
corporeally, ophthalmically, vaginally, rectally, intranasally,
topically or the like, including topical intranasal adminis-
tration or administration by inhalant.

Parenteral administration of the composition, 1f used, 1s
generally characterized by injection. Injectables can be
prepared 1n conventional forms, either as liquid solutions or
suspensions, solid forms suitable for solution of suspension
in liquid prior to injection, or as emulsions. A revised
approach for parenteral administration involves use of a
slow release or sustained release system such that a constant
dosage 1s maintained.

The compositions disclosed herein may be adminmistered
prophylactically to patients or subjects who are at risk for
cancer. Thus, the method can further comprise 1dentifying a
subject at risk for cancer prior to administration of the herein
disclosed compositions.

The exact amount of the compositions required will vary
from subject to subject, depending on the species, age,
weight and general condition of the subject, the severity of
the allergic disorder being treated, the particular nucleic acid
or vector used, 1its mode of administration and the like. Thus,
it 15 not possible to specily an exact amount for every
composition. However, an appropriate amount can be deter-
mined by one of ordinary skill 1n the art using only routine
experimentation given the teachings herein. For example,
ellective dosages and schedules for administering the com-
positions may be determined empirically, and making such
determinations 1s within the skill in the art. The dosage
ranges for the administration of the compositions are those
large enough to produce the desired effect in which the
symptoms disorder are elfected. The dosage should not be so
large as to cause adverse side effects, such as unwanted
cross-reactions, anaphylactic reactions, and the like. Gener-
ally, the dosage will vary with the age, condition, sex and
extent of the disease in the patient, route of administration,
or whether other drugs are included in the regimen, and can
be determined by one of skill in the art. The dosage can be
adjusted by the individual physician in the event of any
counterindications. Dosage can vary, and can be adminis-
tered 1n one or more dose administrations daily, for one or
several days. Guidance can be found in the literature for
appropriate dosages for given classes of pharmaceutical
products. For example, guidance in selecting approprate
doses for antibodies can be found in the literature on
therapeutic uses of antibodies, e.g., Handbook of Monoclo-
nal Antibodies, Ferrone et al., eds., Noges Publications, Park
Ridge, N.J., (1985) ch. 22 and pp. 303-357; Smith et al.,
Antibodies 1n Human Diagnosis and Therapy, Haber et al.,
eds., Raven Press, N.Y. (1977) pp. 365-389. A typical daily
dosage of the antibody used alone might range from about
1 ug/kg to up to 100 mg/kg of body weight or more per day,
depending on the factors mentioned above.

In some embodiments, the disclosed polypeptide 1s
administered 1n a dose equivalent to parenteral administra-
tion of about 0.1 ng to about 100 g per kg of body weight,
about 10 ng to about 350 g per kg of body weight, about 100
ng to about 1 g per kg of body weight, from about 1 pug to
about 100 mg per kg of body weight, from about 1 g to
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about 50 mg per kg of body weight, from about 1 mg to
about 500 mg per kg of body weight; and from about 1 mg

to about 50 mg per kg of body weight. Alternatively, the
amount of polypeptide administered to achieve a therapeutic
ellective dose 1s about 0.1 ng, 1 ng, 10 ng, 100 ng, 1 ug, 10
ug, 100 ug, 1 mg, 2 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 3
mg, 9mg, 10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg, 16
mg, 17 mg, 18 mg, 19 mg, 20 mg, 30 mg, 40 mg, 50 mg, 60
mg, 70 mg, 80 mg, 90 mg, 100 mg, 500 mg per kg of body
weight or greater.

The term “‘subject” refers to any individual who 1s the
target of admimistration or treatment. The subject can be a
vertebrate, for example, a mammal. Thus, the subject can be
a human or veterinary patient. The term “patient” refers to
a subject under the treatment of a clinician, e.g., physician.

The cancer of the disclosed methods can be any cell in a
subject undergoing unregulated growth, invasion, or metas-
tasis. In some aspects, the cancer can be any neoplasm or
tumor for which radiotherapy is currently used. Alterna-
tively, the cancer can be a neoplasm or tumor that 1s not
sufliciently sensitive to radiotherapy using standard meth-
ods. Thus, the cancer can be a sarcoma, lymphoma, leuke-
mia, carcinoma, blastoma, or germ cell tumor. A represen-
tative but non-limiting list of cancers that the disclosed
compositions can be used to treat include lymphoma, B cell
lymphoma, T cell lymphoma, mycosis fungoides, Hodgkin’s
Disease, myeloid leukemia, bladder cancer, brain cancer,
nervous system cancer, head and neck cancer, squamous cell
carcinoma of head and neck, kidney cancer, lung cancers
such as small cell lung cancer and non-small cell lung
cancer, neuroblastoma/glioblastoma, ovarian cancer, pan-
creatic cancer, prostate cancer, skin cancer, liver cancer,
melanoma, squamous cell carcinomas of the mouth, throat,
larynx, and lung, colon cancer, cervical cancer, cervical
carcinoma, breast cancer, epithelial cancer, renal cancer,
genitourinary cancer, pulmonary cancer, esophageal carci-
noma, head and neck carcinoma, large bowel cancer, hema-
topoietic cancers; testicular cancer; colon and rectal cancers,
prostatic cancer, and pancreatic cancer.

A number of embodiments of the ivention have been
described. Nevertheless, 1t will be understood that various
modifications can be made without departing from the spirit
and scope of the invention. Accordingly, other embodiments
are within the scope of the following claims.

EXAMPLES

L1
)
-
R

Example 1: Production of Ant1-CS-1 TriCL.
its Characteristics

Materials and Methods

Cloning of ant1-CS1 and anti-EGFRvIII TriCLE. TriCLE
was designed 1n silco and synthesized as a gene fragment
(Invitrogen). The gene fragment was cloned 1nto an expres-
sion vector (e.g. pGEX6p-1 and pET21d). SEC ID NOs:1
and 2 provide the nucleotide sequences for the pET21d-
TrnCLE and pGEX6p-1-TriCLE, respectively.

Protein production. The expression of the protein was
induced by the addition of 100 uM IPTG for overnight at 30°
C. The bactenal cells were then harvested and lysed by

sonication 1n lysis bufler containing Tris pH7.4 and protease
inhibitors. The TriCLE protein was purified in HisTRAP

column (GE Health Science), refolded and dialysed with
PBS/glycerin using centrifugation filter units. The concen-
tration of the TriCLE was measured and diluted for experi-
ments.
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Flow cytometry. The binding athinity of the TriCLE was
tested by using flow cytometry, 2x107> of the multiple
myeloma cell line (e.g. MM1.s) or a glioblastoma (GBM)
cell line was used to stain with the TriCLE as primary
staining reagent and then biotin-labelled protein L. was used
to detect the presence of scFv and detected by PE conjugated
anti-biotin antibody by flow cytometry. For other phenotyp-
ing on human peripheral blood mononuclear cells, these

antibodies were used: CD56-APC (Beckman Coulter), CD3-
APCH7 (BD Bioscience), CD14-FITC (BD Bioscience),
CD69-PE (Beckman Coulter).

Cytotoxicity assay. The cytotoxicity assay for the TnCLE
was performed for 24 and 48 h. Therefore, a tflow-based
cytotoxicity assay was used. Brietly, the NK cell line NKL
was mixed with the multiple myeloma cell line H929 cells
at eflector-to-target ratio of 20:1. TrnCLE was added to the
coculture at the indicated increasing dose from 50 pg/mlL to
10 ug/mL and incubated for 2 hours. NKL alone and H929
alone with or without TriCLE were used as controls to
determine the toxicity of the TriCLE. The cells were har-
vested and analyzed by flow cytometry to determine the
percentage of live and dead cells for each condition.

sSequences:
DNA sequence of pET21d- anti-CS-1-TriCLE

(SEQ ID NO: 1)
ATCCGGATATAGTTCCTCCTTTCAGCAAARAAACCCCTCAAGACCCGTTTA
GAGGCCCCAAGGGGTTATGCTAGTTATTGCTCAGCGGTGGCAGCAGCCAA
CTCAGCTTCCTTTCGGGCTTTGT TAGCAGCCGGATCTCAGCGGCCGCGETG
GTGATGATGGTGATGGCTCTGTACCTGCAGCTGCTGCGGACCCGCCTCAA
GAACGCGCGLGGCCOGGCTGATACCTTCAGGGAACATTTGGCCGAACCATAG
CTGAAGGTGGTGTACCACATGTTCCACACTTTCTGGECGGOEGGECCCTGEGECC
CAGTTCCCAGATGCCCATGATATGTGGGCTATCGCTTTCGGTGCGCAGAT
TCTGTT TAAAT T TGTCTTTCGCAGTCAGAGTCACGTCTTTTGAAGAGGAG
GTGGCATACATTTGCAGAGAGGAAGGGGTCGACTCATCGCTGGCCACGTA
ATAGCACGCCCGCGATGTCATAATCGCGGTCCOGTGCCATATCGTACCATC
CTTGGCCCGTCGACACCGTCACGGAGCCCCCTCCCCCGCTGCCCCCACCG
CCACTACCACCGCCGCCAGAGTCAATCACCATGOGTTTGGGACTGCTTGCT
CATGGAGGTGCTAACTCCGTCGCGAACTGAAATTGTACATT TGGCAGACT
GGTCCACGATCGTTCCCACCGCCCAGTACTGCTGTTTCGGACCCTGAGAA
GGTTTCAGAAGGATATAGCTTGCACTATACCGGTACGTACCTACCGGATC
ACGGAACGTACCGCTGCCTGATCCTGTATCAAAGGTAAAGGTAATAGAGT
TCACCTGCGCTTCGTCAAGCGCCACGTAATAGCACTGCTGGTGATAGCTC
GTAGGGAGGGTAAATCCCGCACCCOGTCTTGAGTTCCAGTTTGTAGGCGTG
ATTTGACACAAACAGGGACTCCGATGCCGCCGCGCCCECCTGECCECTCG
GCAGCACGOGTCAGTTTAGTACCGCCGCCAAAAACTGGGCCATTTAAGCTA
TCATCCCATGCGGCGCAATAATAATCAGCTTCATCCTCGCTCTGGAGACC
CGAAATAGCCAGAAALAGCCGAGGTACCCGATT TACTGCCGGAAAAGCGGT
CACTAACTCCACTTGGCAGCAAATCATCATAGTAAATCAGCAGTTTCGGC

GCTTTTCCCGGCAGTTGCTGATACCAGTTCACTGCGTTGTTACCGATGTT

GGAGCTGCTCCCACTACAGCTGATCGTGATCGACTGACCCLLGLGAACCCG
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-continued

ACACCGACGCCGGCTGCOTAAGCGCTGACTGACTGCCACCTCCGCCGCTG
CCACCGCCACCAGAGCCOGCCCCCACCTGAACTAACGLTAACGGTGGETGCC
CTGACCCCAGTAATCGAAGTACGTACCATCACCCAGGCCACGATCTTTAG
CGCAATAGTAAACGGCGGTATCT TCGGCGCGCAGGCTATTCATTTGCAGG
TACAGGGTATTTTTGCTATTGTCGCGGCTAATAGTGAAGCGTCCTTTTAC
TGAGTCGGCATAATATT TGTTAGACCCATCGTAGCGLGATGAACGCAACCC
ACTCCAGACCTTTGCCAGGCGCCTGACGCACCCAATGCATACCATAAGAG
CTGAAGGTAAAACCCGACGCOGGCACAGCTCAGACGCAAAGAGCCGCCCGG
CTTGACCAGACCGCCACCGGATTCAACCAGCTGCACTTGCATGAATTCTA
TATCTCCTTCTTAAAGT TAAACAARAAT TATTTCTAGAGGGGAATTGTTAT
COGCTCACAATTCCCCTATAGTGAGTCGTATTAATTTCGCGGGATCGAGA
TCTCGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACA
GETGCGOETTGCTGGCGCCTATATCGCCGACAT CACCGATGGEGAAGATCG
GGCTCGCCACTTCGLGCTCATGAGCGCTTGTTTCGGCEGTGGETATGGETGG
CAGGCCCCOTGECCOOEEEEACTGTTGGECGCCATCTCCTTGCATGCACCA
TTCCTTGCGGECEECOGETGCTCAACGGCCTCAACCTACTACTGGGCTGCTT
CCTAATGCAGGAGT CGCATAAGGGAGAGCGTCGAGATCCCGGACACCATC
GAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGLGAAGAGAG
TCAATTCAGGGTGGTGAATGTGAAACCAGTAACGTTATACGATGTCGCAG
AGTATGCCGGTGTCTCT TATCAGACCGTTTCCCGCGTGOGTGAACCAGGCC
AGCCACGTTTCTGCGAAAACGCGGGARAARAAGTGGAAGCGGCGATGGCGGA
GCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGEECAAACAGT
CGTTGCTGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCG
CAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGT
GETGGOTGTCGATGGTAGAACGAAGCGGCGET CGAAGCCTETAAAGCEGGECEEG
TGCACAATCTTCTCGCGCAACGCOGT CAGTGGGECTGATCATTAACTATCCG
CTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGETTCC
GGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAGTATTATTT
TCTCCCATGAAGACGGTACGCGACTGOLGCGTGGAGCATCTGGTCGCATTG
GGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGEC
GCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCGCAATCAAATTC
AGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAA
CAAACCATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGT
TGCCAACGAT CAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCG
GGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAA
GACAGCTCATGTTATATCCCGCCGTTAACCACCATCAAACAGGATTTTCG
CCTGCTGEEECAAACCAGCOTGLACCGCTTGCTGCAACTCTCTCAGGGCC
AGGCGETGAAGGGCAAT CAGCTGTTGCCCGTCTCACTGOGTGAAAAGARAL

ACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCOTTGGCCGA

TTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGT

10

15

20

25

30

35

40

45

50

55

60

65

22

-continued
GAGCGCAACCCAATTAATGTAACGTTAGC TCACTCAT TAGCCACCCEGCGATC

TCGACCGATGCCCTTGAGAGCCT TCAACCCAGTCAGCTCCTTCCGGTGGG
CGCGGLGGCATGACTATCOTCGCCGCACTTATGACTGTCTTCTTTATCATG
CAACTCGTAGGACAGGTGCCGGCAGCGCTCTGGGTCATTTTCGGCGAGGA
CCGCTTTCGCTGGAGCGCGACGATGATCGGCCTGTCGCTTGCGGTATTCG
GAATCTTGCACGCCCTCGCTCAAGCCTTCGTCACTGGTCCCGCCACCAAD
CGTTTCGGCGAGAAGCAGGCCATTATCGCCGGCATGGCGGCCCCACGGGT
GCGCATGATCGTGCTCCTGTCGTTGAGGACCCGGCTAGGCTGECEEEETT
GCCTTACTGGTTAGCAGAATGAATCACCGATACGCGAGCGAACGTGAAGC
GACTGCTGCTGCAAAACGTCTGCGACCTGAGCAACAACATGAATGGETCTT
CGGETTTCCETGTTTCOGTAAAGTCTGGAAACGCGGAAGTCAGCGCCCTGCA
CCATTATGTTCCGGATCTGCATCGCAGGATGCTGCTGGCTACCCTGTGGA
ACACCTACATCTGTATTAACGAAGCGCTGGCATTGACCCTGAGTGATTTT
TCTCTGGTCCCGCCGCATCCATACCGCCAGTTGTTTACCCTCACAACGTT
CCAGTAACCGGGCATGTTCATCATCAGTAACCCGTATCGTGAGCATCCTC
TCTCGTTTCATCGGTATCATTACCCCCATGAACAGAAATCCCCCTTACAC
GGAGGCATCAGTGACCAAACAGGAAARALAACCGCCCTTAACATGGCCCGCT
TTATCAGAAGCCAGACATTAACGCTTCTGGAGAAACTCAACGAGCTGGAC
GCGGATGAACAGGCAGACATCTGTGAATCGCTTCACGACCACGCTGATGA
GCTTTACCGCAGCTGCCTCGCGCGETTTCGGTGATGACGGTGAAAACCTCT
GACACATGCAGCTCCCGGAGACGGETCACAGCTTGTCTGTAAGCGGATGCC
GGGAGCAGACAAGCCCGTCAGGGCGCET CAGCGLGETETTGGCEEETGETCG
GGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATACTGGCT
TAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATATGCG
GTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCT
CTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCOGGETCGTTCGGCTGCGG
CGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATC
AGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAARAAGGCCA
GGAACCGTAAAAAGGCCGCGTTGCTGGCGETTTTTCCATAGGCTCCGCCCC
CCTGACGAGCATCACAARAAAT CGACGCTCAAGTCAGAGGTGGCGAAACCC
GACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCETGEC
GCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTC
CCTTCOGELAAGCGEGTGGCGCTT TCTCATAGCTCACGCTGTAGGTATCTCAG
TTCGETGETAGGTCGT TCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCG
TTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCOGTCTTGAGTCCAAC
CCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGAT
TAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGETGGC
CTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCT G
AAGCCAGTTACCTTCGGAAARAAGAGT TGGTAGCTCTTGATCCGGCAAACA

AACCACCGCTGOETAGCGOGTOGGTTTTTTTGTTTGCAAGCAGCAGATTACGC

GCAGAAAALAALAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGETCT
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-continued

GACGCTCAGTGGAACGAAAACTGACGTTAAGGGATTTTGGTCATGAGATT
ATCAARAAAGGATCTTCACCTAGATCCTTTITAAATTAAALAATGAAGTTTTA
AATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGC
TTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCAT
AGTTGCCTGACTCCCCGTCOTGTAGATAACTACGATACGGGAGGGCTTAC
CATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCT
CCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAG
TGGET CCTGCAACT T TATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGG
AAGCTAGAGTAAGTAGT TCGCCAGT TAATAGTTTGCGCAACGTTGTTGCC
ATTGCTGCAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATT
CAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGT
GCAAAARAAGUGGTTAGCTCCTTCGGTCCTCCGATCGTTGT CAGAAGTAAG
TTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCT
TACTGT CATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAA
CCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCG
GCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCT
CATCATTGGAAAACGTTCTTCGLGLCGAAAACTCTCAAGGATCTTACCGC
TGTTGAGATCCAGT TCGATGTAACCCACTCGTGCACCCAACTGATCTTCA
GCATCTTTTACTTTGACCAGCGTTTCTGGOGTGAGCAAAALACAGGAAGGCA
AAATGCCGCAAAALAGGGAATAAGGGCGACACGGAAATGTTGAATACTCA
TACTCTTCCTTTTTCAATATTAT TGAAGCATTTATCAGGGTTATTGTCTC
ATGAGCGGATACATATT TGAATGTATT TAGAAAAATAAACAAATAGGGGT
TCCGCGCACATTTCCCCGAAAAGTGCCACCTGAAATTGTAAACGTTAATA
TTTTGTTAARAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAAC
CAATAGGCCGAAAT COGGCAAAATCCCTTATAAATCAAALAGAATAGACCGA
GATAGGGT TGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTARALAGA
ACGTGGACTCCAACGTCAAAGGGCGAAALAACCOTCTATCAGGGCGATGGC
CCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGT CGAGGTGCCG
TAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGAC
GGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGALAAGCGALALAGGA
GCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCAC
CACACCCGCCGCGCTTAATGCGCCGCTACAGGCGCGTCCCATTCGCCA

DNA sequence of pGEXéplm-anti-CS-1-TriCLE

(SEQ ID NO: 2)

ACGTTATCGACTGCACGGTGCACCAATGCTTCTGGCOGTCAGGCAGCCATC

GGAAGCTGTGGTATGGCTGTGCAGGTCGTAAATCACTGCATAATTCGETGT

CGCTCAAGGCGCACTCCCGTTCTGGATAATGTTTTTTGCGCCGACATCAT

AACGGETTCTGGCAAATATTCTGAAATGAGCTGTTGACAATTAATCATCGG

CTCGTATAATGTGTGGAAT TGTGAGCGGATAACAATTTCACACAGGAAAC

AGTATTCGGATCCCCOGGAATT CATGCAAGTGCAGCTGGTTGAATCCGETG

GCGGTCTGGT CAAGCCGGGCGGCTCTTTGCGTCTGAGCTGTGCCGCGETCG
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-continued
GETTTTACCTTCAGCTCTTATCETATCCATTCCATCCATCACCCECCTAR

CAAAGGTCTGGAGTGOGGTTGCGT TCATCCGCTACGATGGGTCTAACAAAT
ATTATGCCGACTCAGTAAAAGGACGCTTCACTATTAGCCGCGACAATAGC
ARAAATACCCTGTACCTGCAAATGAATAGCCTGCGCGCCGAAGATACCGC
CGTTTACTATTGCGCTAAAGATCOGTGGCCTGGGTGATGGTACGTACTTCG
ATTACTGGGETCAGGGCACCACCGTTACCGTTAGTTCAGGTGGGEGEGECGEEL
TCTGGETGGECEETGGCAGCGGCGLGAGGTGGCAGTCAGTCAGCGCTTACGCA
GCCGGECGTCGLTGTCGGGETTCCCCGOEET CAGT CGATCACGATCAGCTGTA
GTGGGAGCAGCTCCAACATCGGTAACAACGCAGTGAACTGGTATCAGCAL
CTGCCOGLAAAAGCGCCGAAACTGCTGATTTACTATGATGATTTGCTGCC
AAGTGGAGTTAGTGACCGCTT TTCCGGCAGTAAATCOGGGTACCTCGGCTT
TTCTGGCTATTTCGGGTCT CCAGAGCGAGGATGAAGCTGATTATTATTGC
GCCGCATGGGATGATAGCTTAAATGGCCCAGTTTTTGGCGGCGGTACTAA
ACTGACCGTGCTGCCGAGCOGLCCAGGCGLGCGECGELLCGGCATCGGAGTCCC
TGTTTGTGTCAAATCACGCCTACAAACTGGAACT CAAGACGGGTGCGGEGEA
TTTACCCTCCCTACGAGCTATCACCAGCAGTGCTATTACGTGGCGCTTGA
CGAAGCGCAGGTGAACTCTATTACCTTTACCTTTGATACAGGATCAGGCA
GCGGTACGTTCCGTGATCCGGTAGGTACGTACCGGTATAGTGCAAGCTAT
ATCCTTCTGAAACCT TCTCAGGGTCCGAAACAGCAGTACTGGGECGEET GGG
AACGATCOTGGACCAGT CTGCCAAATGTACAATTTCAGTTCGCGACGGAG
TTAGCACCTCCATGAGCAAGCAGTCCCAAACCATGGETGATTGACTCTGGC
GGECGEGETGGTAGTGGCGEETGGEEGEECAGCOGEGLEAGGLGGCTCCEGTGACGET
GTCGACGGGCCAAGGATGGTACGATATGGCACGGACCGCGATTATGACAT
CGCGGGCETGCTATTACGTGGCCAGCGATGAGTCGACCCCTTCCTCTCTG
CAAATGTATGCCACCTCCTCTTCAAAAGACGTGACTCTGACTGCGAAAGA
CAAATTTAAACAGAATCTGCGCACCGAAAGCGATAGCCCACATATCATGG
GCATCTGGGAACTGGGCCAGGGCCCCCGCCAGAAAGTOTGGAACATGTGG
TACACCACCTTCAGCTATGGT TCGGCCAAATGTTCCCTGAAGGTATCAGC
CGGCCCGCGCETTCTTGAGGCGGGTCCGCAGCAGCTGCAGGTACAGAGCC
ATCACCATCATCACCACGCGGCCGCATCOGTGACTGACTGACGATCTGCCT
CGCGCETTTCGETGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGG
AGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGT
CAGGGCGCOET CAGCGOGGETGETTGGCEEETGT CGLGGLGCGCAGCCATGACCCA
GTCACGTAGCGATAGCGGAGTGTATAATTCTTGAAGACGAAAGGGCCTCG
TGATACGCCTATT TT TATAGGTTAATGTCATGATAATAATGGTTTCTTAG
ACGTCAGGTGGCACT TTTCOGGGLGAAATGTGCGCGGAACCCCTATTTGTTT
ATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCT
GATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACAT
TTCCGTGTCGCCCTTATTCCCTTITTTTGCGGCATTTTGCCTTCCTGTTTT

TGCTCACCCAGAAACGCTGOTGAAAGTAAAAGATGCTGAAGATCAGTTGG

GTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTT
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-continued

GAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGT
TCTGCTATGTGGCGCOGTATTATCCCGOGTGTTGACGCCGGGCAAGAGCAAC
TCGGETCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCA
GTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAAT TATGCAG
TGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAA
CGAT CGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGEGEGEAT
CATGTAACTCGCCTTGATCOGT TGGGAACCGGAGCTGAATGAAGCCATACC
AALACGACGAGCGTGACACCACGATGCCTGCAGCAATGGCAACAACGTTGC
GCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTA
ATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGC
CCTTCCGGCTGGCTGETTTAT TGCTGATAAATCTGGAGCCGGETGAGCGTG
GGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGT
ATCGTAGTTATCTACACGACGGGGAGT CAGGCCAACTATGGATGAACGAR
ATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTG
TCAGACCAAGT T TACTCATATATACTTTAGATTGATTTAAAACTTCATTT
TTAATT TAARAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCA
AAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAA
AAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTG
CTTGCAAACAARADAALAACCACCGCTACCAGCGGTGOGTTTGTTTGCCGGATC
AAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAG
ATACCAAATACTGTCCTTCTAGTGTAGCCGTAGT TAGGCCACCACTTCAA
GAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAG
TGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGA
CGATAGTTACCGGATAAGGCGCAGCGOGTCGGGECTGCGAACGGGGGETTCGTG
CACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTAC
AGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGAC
AGGTATCCGETAAGCGGCAGGGT CGGAACAGGAGAGCGCACGAGGGAGCT
TCCAGGGGGAAACGCCTGGETATCTT TATAGTCCTGTCGGGTTTCGCCACC
TCTGACTTGAGCGT CGATTTT TGTGATGCTCGTCAGGGGGGCGGAGCCTA
TGGAARAAACGCCAGCAACGCOGGCCTTTTTACGGTTCCTGGCCTTTTGCTG
GCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATA
ACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACG
ACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCG
GTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCATAAATTCCG
ACACCATCGAATGGTGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCG
GAAGAGAGTCAATTCAGGGTGGETGAATGTGAAACCAGTAACGT TATACGA
TGTCGCAGAGTATGCCGETGTCTCT TATCAGACCOGTTTCCCGCGETGGTGA
ACCAGGCCAGCCACGTTTCTGCGAAAACGCOGGAAARAAGTGGAAGCGEGCG

ATGGCGGAGCTGAATTACATTCCCAACCGCOTGGCACAACAACTGGCGGEG

CAAACAGTCOGTTGCTGATTGGCOGTTGCCACCTCCAGTCTGGCCCTGCACG
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-continued
COCCATCCCARATTETCOCCGCCATTARAATCTCRCGCCCATCAACTRRRT

GCCAGCGTGGETGGTGTCGATGGTAGAACGAAGCGGCGETCGAAGCCTGTAA
AGCGGCGLETGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATCATTA
ACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACT
AATGTTCCGGCGT TATTTCTTGATGTCTCTGACCAGACACCCATCAACAG

TATTATTTTCTCCCATGAAGACGGTACGCGACTGGGECGETGGAGCATCTGG
TCGCAT TGGGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCT
GTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCGCAA
TCAAAT TCAGCCGATAGCGGAACGLGAAGGCGACTGGAGTGCCATGTCCG
GTTTTCAACAAACCATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCG
ATGCTGGETTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTAC
CGAGTCCOGGGCTGCGCETTOOTGCOGGATATCTCGGTAGTGGGATACGACG
ATACCGAAGACAGCTCATGTTATATCCCGCCGTCAACCACCATCAAACAG
GATTTTCGCCTGCTGGGEGCAAACCAGCGTGGACCGCTTGCTGCAACTCTC
TCAGGGCCAGGCGGETGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGA
ARAGARARAACCACCCTGGCOGCCCAATACGCAAACCGCCTCTCCCCGCGCG
TTGGCCGATTCAT TAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAG
CGGGCAGTGAGCGCAACGCAATTAATGTGAGT TAGCTCACTCATTAGGCA
CCCCAGGCTT TACACTT TATGCT TCCGGCTCGTATGTTGTGTGGAATTGT
GAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGGAT
TCACTGGCCGTCGTTITTACAACGTCGTGACTGGGAAAACCCTGGCGETTAC
CCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATA
GCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAAT
GGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAG
CTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAA
ACTGGCAGATGCACGGT TACGATGCGCCCATCTACACCAACGTAACCTAT
CCCATTACGETCAATCCGCCOTTTGTTCCCACGGAGAATCCGACGGGTTG
TTACTCGCTCACATT TAATGT TGATGAAAGCTGGCTACAGGAAGGCCAGA
CGCGAATTATTTTTGATGGCGTTGGAATT

Anti-NKG2D heavy chain DNA sequence

(SEQ ID NO: 3)

CAAGTGCAGC TGGETTGAATC CGOGLGTGGCGET CTGGTCAAGC

CGGGECEGECTC TTTGCOETCTG AGCTGTGCCG CGTCGGGTTT

TACCTTCAGC TCTTATGGTA TGCATTGGGET GCGTCAGGCG

CCTGGCAAAG GTCTGGAGTG GGTTGCGTTC ATCCGCTACG

ATGGGETCTAA CAAATATTAT GCCGACTCAG TAAAAGGACG

CTTCACTATT AGCCGCGACA ATAGCAAAAA TACCCTGTAC

CTGCAAATGA ATAGCCTGCG CGCCGAAGAT ACCGCCGTTT

ACTATTGCGC TAAAGATCGET GGCCTGGGTG ATGGTACGTA

CTTCGATTAC TGGGGETCAGG GCACCACCGOGT TACCGTTAGT TCA



Anti-NKG2D

CAGTCAGCGC

CGGGETCAGTC

CAACATCGGT

CCGGGLGAAALG

TGCTGCCAAG

ATCGGGTACC

AGCGAGGATG

ATAGCTTAAAL

GACCGTGCTG

Anti-NKG2D

-continued
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light chain DNA sequence

TTACGCAGCC

GATCACGATC

AACAACGCAG

CGCCGAAACT

TGGAGTTAGT

TCGGCTTTTC

AAGCTGATTA

TGGCCCAGTT

GGCGETCGGETG

AGCTGTAGTG

TGAACTGGTA

GCTGATTTAC

GACCGCTTTT

TGGCTATTTC

TTATTGCGCC

TTTGGECGEGECE

(SEQ ID NO:

TCGGETTCCC

GGAGCAGCTC

TCAGCAACTG

TATGATGATT

CCGGCAGTAA

GGGTCTCCAG

GCATGGGATG

GTACTAAACT

heavy chain protein sequence

(SEQ ID NO:

QVOQLVESGGGLVKPGGSLRLSCAASGEFTES SYGMH

WVROQAPGKGLEWVA FIRYDGSNKYYADSVKG

RETISRDNSKNTLYLOMNSLRAEDTAVYYCAK DRGLGDGTYEDY

WGEOGTTVITVSS

Anti-NKG2D Light chain protein sequence

QSALTQPASVSGSPGQSITISC SGSSSNIGNNAVN

WYQOLPGKAPKLLIY YDDLLPS

(SEQ ID NO:

GVSDRESGSKSGTSAFLATISGLOSEDEADYYCAAWDDS LNGPV

FGGGTKLTVL

ScFv 1inker{(G4S)3 DNA sequence

(SEQ ID NO:

GGETGGGEGEGECE GCTCTGGETGGE CGGTGGCAGC GGCGGAGGTG

GCAGT

ScFv linker{(G4S)3 proteln sequence

GGEGEGESGEGEES

GGGEGES

DNA sequence of HMA

(SEQ ID NO:

(SEQ ID NO:

CCGAGCGLECC AGGCGGLLECELC GGCGGCATCG GAGTCCCTGT

TTGTGTCAAL

TCACGCCTAC

Protein sequence of HMA

PSGOQAGAAASESLEVSNHAY

3' to B

(SEQ ID NO:

CS-1 scFv heavy chain DATA sequence
(SEQ ID NO:

AGCGTTACCG TGAGTACAGG CCAGGGCTGG TATGACATGG

CACGTACAGC

CGCGTCAGAT

GCAACCTCCA

ACAAGTTTAA

GCACATCATG

CAGAAGGTAT

GCTCAGCALAA

CGTGCTGGAG

CATCATGACC

GAATCGACGC

GCAGCAAAGA

ACAGAATTTG

GGAATCTGGG

GGAACATGTG

ATGCAGCTTG

GCCGGETCCGC

TCGCGCGCAT

CTTCCTCGCT

TGTTACCCTG

CGTACGGAGA

AGTTGGGETCA

GTATACAACT

AALGTGETCGE

AGCAGCTGCA

GTTACTACGT

GCAAATGTAT

ACCGCAAAGG

GTGACTCCCC

GGGGCCTCGT

TTTTCGTACG

CAGGTCCGCG

AGTCCAGTCT

4)

5)

6)

7)

8)

9)

10)

11}
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-continued
CS-1 gscFv light chain DNA sequence

(SEQ ID NO:
AAACTTGAGT TGAAGACCGG TGCCGGCTTC ACCTTACCGA

3" to 5°
12)

CCAGTTATCA TCAACAATGC TATTACGTGG CCCTGGACGA

AGCACAGGTG AATTCAATTA CGOGTTTACGTT TGATACCGGC

TCTGGCAGCG GTACATTTCG TGATCCCGTG GGCACTTACC

GCTATTCGGC GAGTTATATC TTGCTGAAAC CTTCCCAAGG

TCCGAAACAG CAGTACTGGG COGLTTGGCAC CATTGTAGAC

CAATCAGCCA AATGTACAAT CTCGGETTCGC GATGGETGTCA

GTACGTCGAT GTCTAAGCAG TCACAGACAA TGGTTATCGA T

3' to b' CS-1 gcFv heavy chaln protein sequence
(SEQ ID NO: 13)

SVIVSTGOGWYDMARTAIMTSRACYYVASDESTPSSLOMYATSSSKDVTL
TAKDKFKONLRTESDSPHIMGIWELGOGPROKVWNMWYTTEFSYGSAKCSL
KVSAGPRVLEAGPOQQLOVQOS

3' to B' CS-1 gcFv light chain protein sequence

(SEQ ID NO: 14)
KLELKTGAGFTLPTSYHQOOCYYVALDEAQOVNSITFTFDTGSGSGTFRDPV

GTYRYSASYILLKPSQGPKQOYWAVGTIVDOSAKCTISVRDGVSTSMSKO

SQTMVID

Histidine tag DNA sequence

CATCACCATC

ATCACCAC

Histidine tag protein sequence

HHHHHH

3' to b5°

AGTAGCGETGA

CTTGGGGETTC

TGAAGCGCGC

AAGAGTAATG

GCGACGCATA

AAGCGETCTGG

TGGAGTATGG

CATGCTCCCT

TGGETGGCAGT

3' to 5°

TCAAATCACG

GTAGTACGTT

TACAGCATTC

ACCTTCGAAL

CGGETGGGCTC

CAAACCAGCG

AACAATCGCA

TCCGGGACGG

GACCATGCAG

CTGTTCTGAC

CTCCGGCECG

TTGAGCAATA

ACCGTTCCAT

TAATACCTCA

GAGCTCGGTA

CTTACAGTAG

GCGCCTGTCC

GAACTGGTCC

CCTACAAAAT

GCCGTATTCC

GACGAGCCTC

CCGGATCTGG

CCAGCTGAAC

AALGGECCEA

TTGGACAGTC

AGTCAGTGCG

ATTGAT

GGGACAGGGT

TGTTACTATG

TGCAACTGTA

CACGTTTCGG

GGTGGCAGCG

AAGGCCCCGC

CTTTACTTTC

GGAGGGCCAC

AGGTGGAG

TGAAGTGAAL

CACCATCAGC

AATTATCATC

CTCTGGGACG

TCAGCCGCGET

AACAACAGTA

GGCCCGETTGC

AGCCTGAGTT

(SEQ ID NO:

(SEQ ID NO:

TGGTATGAGT

TTGCGACCGA

CCTTACTAAC

GGCAAAGTTA

GGTCTATCGC

ACAACGTGTG

GGATCTGCTG

AGGTTCTGGG

ACGGGEEGEECE

TGTGTTATTA

TGTTATCCTG

TTCCGGTCTC

ATATTCTGCG

CTGGGCCCTG

ACGATCACCG

CCCCETCGCA

15}

16}

EGFRVIII scFv heavy chain DNA sequence
(SEQ ID NO:

17}

EGERVIII scFv light chain DNA sequence
(SEQ ID NO:

18}
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-continued

3' to 5
sequence

EGFRvIII scFv heavy chain protein

(SEQ ID NO: 19)
SSVTVLTGOGCWYESWGES SGACYYVATDEARLSNMOLYLTNKSNDRSITFR

GKVSDAYNTSGGESGSIASVWELGKGPAQRVWSMAYSSEFTFGSAACSLRLS
GGPOVLGGGSELVQVE

3' to 5
sequence

EGFRvIII scFv light chain protein

(SEQ ID NO: 20)
SNHAYKIEVKTGGGSTLPYSHHOLCYYTAFDEPQLSSVILTEETGSGSGT

FRSPVGSQLNSAAY ILRKPAKGPKOOYWALNNRIGOQSARCTITVRDGVSA
SLSSPSQTMQID

TriCLE
(SEQ ID NO: 21)
GTGGTGATGATGGETGATGGCTCTGTACCTGCAGCTGCTGCGGACCCGCCT

CAAGAACGCGCGGGECCGECTGATACCTTCAGGGAACATTTGGCCGAACCA
TAGCTGAAGGTGGETGTACCACATGT TCCACACTTTCTGGCGGGEGCCCTG

GCCCAGTTCCCAGATGCCCATGATATGTGOGGCTATCGCTTTCGEGTGCGCA
GATTCTGTTTAAATTTGTCTTTCGCAGTCAGAGTCACGTCTTTTGAAGAG
GAGGTGGCATACATTTGCAGAGAGGAAGGGGTCGACTCATCGCTGGCCAC
GTAATAGCACGCCCGCGATGTCATAATCGCGGTCCGTGCCATATCGTACC
ATCCTTGGCCCOTCGACACCGTCACGGAGCCCCCTCCCCCGCTGCCCCCA
CCGCCACTACCACCGCCGCCAGAGT CAATCACCATGOTTTGGGACTGCTT
GCTCATGGAGGTGCTAACTCCGTCGCGAACTGAAATTGTACATTTGGCAG
ACTGGETCCACGATCGTTCCCACCGCCCAGTACTGCTGTTTCGGACCCTGA
GAAGGT TTCAGAAGGATATAGCTTGCACTATACCGGTACGTACCTACCGG
ATCACGGAACGTACCGCTGCCTGATCCTGTATCAAAGGTAAAGGTAATAG
AGTTCACCTGCGCTTCGTCAAGCGCCACGTAATAGCACTGCTGGTGATAG
CTCGTAGGGAGGGTAAATCCCGCACCCOGTCTTGAGTTCCAGTTTGTAGGC
GTGATTTGACACAAACAGGGACTCCGATGCCGCCGCGCCCGCCTGEGECCEC
TCGGCAGCACGGTCAGTTTAGTACCGCCGCCAAARAACTGGGCCATTTAAG
CTATCATCCCATGCGGCGCAATAATAATCAGCTTCATCCTCGCTCTGGAG
ACCCGAAATAGCCAGAAAAGCCGAGGTACCCGATTTACTGCCGGAARAAGC
GGTCACTAACTCCACTTGGCAGCAAATCATCATAGTAAATCAGCAGTTTC
GGCGCTTTTCCCGGCAGTTGCTGATACCAGTTCACTGCGTTGTTACCGAT
GTTGGAGCTGCTCCCACTACAGCTGATCGTGATCGACTGACCCGEEEAAC
CCGACACCGACGCCGGCTGCOTAAGCGCTGACTGACTGCCACCTCCGCCG
CTGCCACCGCCACCAGAGCCGCCCCCACCTGAACTAACGGTAACGGETGGT
GCCCTGACCCCAGTAATCGAAGTACGTACCATCACCCAGGCCACGATCTT
TAGCGCAATAGTAAACGGCOGTATCTTCOGGCGCGCAGGCTATTCATTTGC
AGGTACAGGGTATTTTTGCTATTGT CGCGGCTAATAGTGAAGCGTCCTTT
TACTGAGT CGGCATAATATTTGT TAGACCCATCGTAGCGGATGAACGCAA

CCCACTCCAGACCTTTGCCAGGCGCCTGACGCACCCAATGCATACCATAA
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-continued

GAGCTGAAGGTAAAACCCGACGCGGCACAGCTCAGACGCAAAGAGCCGCC
CGGCTTGACCAGACCGCCACCGLATTCAACCAGCTG CACTTGCAT

Glycine-serine linker

(SEQ ID NO: 22)

GGGGS

The TrnnCLE was designed 1n silico by joining heavy and
light chain of an anti-NKG2D antibody by a scFv (G4S)4
linker, a 20 amino acid linker human muscle aldose, and
heavy and light chains of an ant1-CS1 antibody (Chu et al.,
Leukemia 28 (2014), 917-27 and Chu et al. Clin Cancer Res
20 (2014), 3989-4000). The design 1s showed 1n FIG. 1. The
DNA and protein sequences of the anti-NKG2D scFv are
listed above (SEQ NOs:3-6). To join the heavy and light
chains 1n anti-NKG2D scFv and anti-CS1 scFv, a linker
composed of repeats of glycine and serine were used (SEQ
II) NOs:7 and 8). The DNA and protein sequences of HMA
are listed as SEQ ID NOS. 9 and 10. The DNA (SEQ ID
NOs:11 and 12) and protein (SEQ ID NOs: 13 and 14)
sequences of ant1-CS-1 scFvs were shown from 3' to 5'. The

entire sequence 1s followed by six copies of histidine (SEQ
ID NOs:15-16).

The biochemical analysis of the anti-CS-1 TnCLE

showed 1t has a molecular weight of 56.6 kDa and had a pl
ol 7.99. The full amino acid composition is listed in Table 1.
The size of the TriCLE was confirmed by standard. SDS-
PAGE with Commassie Blue staining and western blot as
detected by protein L (FIG. 2). The extinction coeflicients
for the TrnCLE are 102720M-1cm-1 1n water. The estimated

halt-life 1n bacteria 1s more than 10 hours.

TABLE 1

Amino acid composition of TriCLE

Ala (A) 345 21.6%
Arg (R) 0 0.0%
Asn (N) 0 0.0%
Asp (D) 0 0.0%
Cys (C) 409 25.6%
Gln (Q) 0 0.0%
Glu (E) 0 0.0%
Gly (G) 484 30.3%
His (H) 0 0.0%
Ile (I) 0 0.0%
Leu (L) 0 0.0%
Lys (K) 0 0.0%
Met (M) 0 0.0%
Phe (F) 0 0.0%
Pro (P) 0 0.0%
Ser (S) 0 0.0%
Thr (T) 361 22.6%
Trp (W) 0 0.0%
Tyr (Y) 0 0.0%
Val (V) 0 0.0%
Pyl (O) 0 0.0%
Sec (U) 0 0.0%
(B) 0 0.0%
(Z) 0 0.0%
(X) 0 0.0%

[T]

Example 2: Cytotoxicity of Ant1-CS-1 Tri-CLE
Activated NK Cells Against Multiple Myeloma
(MM) Cells

FIG. 3 1s a graph of the cytotoxicity of NK cell line NKL
against multiple myeloma (MM) cell line H929 1n the
presence of anti-CS-1 Tri-CLE. Increasing doses of Tr1-CLE
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ranged from 50 pg/mL to 10 ug/ml. was added to the
coculture of NKL: H929 at efiector ratio of 20:1.

Example 3: Anti-CS-1 TriCLE can Stain Multiple

32

Example 5: Anti-EGFRvVIII TrnCLE Activated
Human Killer Cells and Triggered Specific
Cytotoxicity

Myeloma Cells Efficiently 5 FIG. 1A shows a graphical display of anti-EGFRvIII

Wh <1 TriClE q . Tr1-CLE. The DNA and protein sequences for the heavy and

for fl en anii- ; ri lja?[ st o Oaﬂ/s . Etillllnlnl\g/[g/[ei‘ﬂgen’[ light chains of the EGFRvVIII scFv are shown as SEQ ID

01'ic;‘ie‘mﬁeig}a@?f‘gmSaalélmlﬁ b o ma | NOs117-20. FIG. 6A shows the activation of T, NKT and NK

typ . pie Iy P cells by anti-EGFRVIII TriCLE. 5 pg/mL TriCLE was added
(FIG. 4A). When compared with the 1sotype control, the 10 .

- - - - to the resting human PBMCs for 4 hours and then the cells
mean fluorescence intensity was significantly increased. b od and stained for CD3. CD56. (D14 and
This suggests that the CS1 scFv was functional (FIG. 4B). WEIE Ldrvested ald stdaihed 10 ’ " dail

CD69 for 20 min at room temperature. The cells were
Example 4: Anti-CS-1 TriCLE Activated Human analyzed by flow cytometry. FIG. 6B shows that the cyto-
Killer Cells and Triggered Specific Cytotoxicity .5 toxicity of activated human PBMCs was enhanced by anti-
EGFRvVIII TriCLE against three multiple myeloma cells
TriCLE at 5 pg/ml activated the primary T, NKT and NK GBMI1123. The EC50 was calculated from the non-linear
cells 1n the PBMCs 1n 4 hours as indicated by the upregu- regression curves. Results were from three independent
lation of CD69 (FIG. 5A). This suggested the anti-NKG2D donors. ***p<0.001; **p<0.01.
scFv was immobilized and tunctional to trigger cell activa- ,,  Unless defined otherwise, all technical and scientific
tion. The upregulation of the CD69 was observed when terms used herein have the same meanings as commonly
ant1-CD3 antibody was administered at the same time (FIG. understood by one of skill in the art to which the disclosed
5B). When TnCLE was used in co-culture of multiple invention belongs. Publications cited herein and the mate-
myeloma cell lines such as MM1.s, H929 and RPMI-8226, rials for which they are cited are specifically incorporated by
the cytotoxicity from the TriCLE-activated PBMCs was ,5 reference.
increased (FIG. 5C). The EC., for MM1.s was 3x107"*M. Those skilled in the art will recognize, or be able to
For those cell lines with low CS1 expression, the EC.,, for ascertain using no more than routine experimentation, many
H929 cells was 1.2x10™° M and that for RPMI-8226 was equivalents to the specific embodiments of the invention
1.8x10™° M. TriCLE induced cytotoxicity using CDS56 described heremn. Such equivalents are intended to be
depleted efiector cells at 24 h and 48 h (FIG. 3D). encompassed by the following claims.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 22
<210> SEQ ID NO 1
<211> LENGTH: 6898
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 1
atccggatat agttcctect ttcagcaaaa aacccectcaa gaccegttta gaggcccecaa 60
ggggttatge tagttattge tcagecggtgg cagcagccaa ctcagettcee tttegggett 120
tgttagcagc cggatctcag cggccgegtg gtgatgatgg tgatggctct gtacctgcag 180
ctgctgcgga cccgcectcaa gaacgcgcegg gcecggctgat accttcaggg aacatttggce 240
cgaaccatag ctgaaggtgg tgtaccacat gttccacact ttctggcecggg ggccctggcec 200
cagttcccag atgcccatga tatgtgggct atcgctttceg gtgcgcagat tctgtttaaa 260
tttgtctttc gcagtcagag tcacgtcttt tgaagaggag gtggcataca tttgcagaga 420
ggaaggggtc gactcatcgce tggccacgta atagcacgcce cgcgatgtca taatcgeggt 480
ccgtgccata tcecgtaccatce cttggcecccgt cgacaccgtce acggagcecccce ctcecceccecegcet 540
gcccoccacceg ccactaccac cgcecgccaga gtcaatcacce atggtttggg actgcecttgcet 600
catggaggtg ctaactccgt cgcgaactga aattgtacat ttggcagact ggtccacgat 660
cgttcccacce gcecccagtact gectgtttecgg accctgagaa ggtttcagaa ggatatagcet 720
tgcactatac cggtacgtac ctaccggatce acggaacgta ccgctgcecctg atcctgtatc 780
aaaggtaaag gtaatagagt tcacctgcgc ttcecgtcaagce gccacgtaat agcactgcetg 840
gtgatagctc gtagggaggg taaatcccgce acccgtcecttg agttccagtt tgtaggcgtyg 900



atttgacaca

cagtttagta

ataatcagct

tttactgccy

cagtttcggc

ggagctgctc

cggctgegta

cccacctgaa

acccaggcca

catttgcagy

tgagtcggca

tttgccaggce

ggcacagctc

ctgcacttgc

gaattgttat

tctcecgatcect

ctggcgcecta

tgagcgcttyg

ccatctcecctt

tgggctgctt

gaatggcgca

gtggtgaatg

cagaccgttt

gtggaagcgg

ggcaaacagt

caaattgtcyg

atggtagaac

cgcgtcagty

gctgcctgca

agtattattt

ggtcaccagc

ctggctggcet

ggcgactgga

gttcccactyg

accgagtcecyg

gacagctcat

caaaccagcyg

ctgttgceccy

tcteccecygey

aacagggact

ccgecgcecaa

tcatcctcgc

gaaaagcggt

gcttttcoccy

ccactacagc

agcgctgact

ctaacggtaa

cgatctttag

tacagggtat

taatatttgt

gcctgacgca

agacgcaaag

atgaattcta

ccgctcacaa

ctacgccgga

tatcgccgac

tttcggegty

gcatgcacca

cctaatgcag

aaacctttcg

tgaaaccagt

ccegegtggt

cgatggcgga

cgttgctgat

cggcgattaa

gaagcggegt

ggctgatcat

ctaatgttcc

tctcccatga

aaatcgcgcet

ggcataaata

gtgccatgtc

cgatgctggt

ggﬂtgﬂgﬂgt

gttatatccc

tggaccgcett

tctcactggt

cgttggccga

33

ccgatgecgce
aaactgggcc
tctggagacc
cactaactcc
gcagttgctyg
tgatcgtgat
gactgccacc
cggtggtgcc
cgcaatagta
Ctttgctatt
tagacccatc
cccaatgcat
agccegeccygyg
tatctccttec
ttccectata
cgcatcgtygg
atcaccgatg
ggtatggtgyg
ttccttgeygyg
gagtcgcata
cggtatggca
aacgttatac
gaaccaggcc
gctgaattac
tggcgttgcc
atctcgegcece
cgaagcctgt
taactatccg
ggcgttattt
agacggtacg
gttagcgggce
tctcactcge

cggttttcaa
tgccaacgat
tggtgcggat
gccgttaacc
gctgcaactce
gaaaagaaaa

ttcattaatyg

US 10,973,914 B2

cgcgececgec

atttaagcta

cgaaatagcc

acttggcagc

ataccagttc

cgactgaccc

tccgeagcety

ctgaccccag

aacggcggta

gtcgcggcta

gtagcggatg

accataagag

cttgaccaga

ttaaagttaa

gtgagtcgta

ccggcatcac

gggaagatcg

caggccccegt

ngﬂggtgﬂt

aggygagagcy

tgatagcgcc

gatgtcgcag

agccacgttt

attcccaacce

acctccagtc

gatcaactygg

aadgcggegy

ctggatgacc

cttgatgtet

cgactgggcg

ccattaagtt

aatcaaattc

caaaccatgc

cagatggcgc

atctcggtag

accatcaaac

tctcagggcec

accaccctgy

cagctggcac

-continued

tggccgcetcy

tcatcccatg

agaaaagccg

aaatcatcat

actgcgttgt

ggggaacceyg

cCacCycCccac

taatcgaagt

tcttecggcecgce

atagtgaagc

aAacygCaaccc

ctgaaggtaa

ccgccaccgy

acaaaattat

ttaatttege

cggcogcecaca

ggctcgcocac

ggccdygggya

caacggcctce

tcgagatccec

cgdaagadgayg

agtatgccgyg

ctgcgaaaac

gcgtggcaca

tggccctgca

gtgccagcgt

tgcacaatct

aggatgccat

ctgaccagac

tggagcatct

ctgtctcecggce

agccgatagce

aaatgctgaa

tgggcgcaat

tgggatacga

aggattttcg

aggcggtgaa

cgcccaatac

gacaggtttc

gcagcacggt

cggcgcaata

aggtacccga

agtaaatcag

taccgatgtt

acaccgacgc

cagagccgcc

acgtaccatc

gcaggctatt

gtccttttac

actccagacc

aacccgacgc

attcaaccag

ttctagaggy

gggatcgaga

ggtgcggttg

ttcgggctca

Ctgttgggﬂg

aacctactac

ggacaccatc

tcaattcagyg

tgtctcttat

gcgggaaaaa

acaactggcg

cgcgecgtaeg

ggtggtgtcg

tctcgecgcaa

tgctgtggaa

acccatcaac

ggtcgcattyg

gcgtcectgegt

gdgaacddydada

tgagggcatc

gcgcegcecatt

cgataccgaa

Cﬂtgﬂtgggg

gggcaatcag

gcaaaccgcc

ccgactggaa

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

34



agcgggcagt
tcgaccgatyg
gactatcgtc
ggcagcgctce
cctgtegett
cgccaccaaa
gcgcatgatce
ttagcagaat
tgcgacctga
gcggaagtca
accctgtgga
tctetggtcec
ggcatgttca
tacccccatyg
cgccecttaac
cgagctggac
gctttaccgce
gctccoccggag
gggcgcgtca
tagcggagtyg
catatatgcyg
cttccgettc
cagctcactc
acatgtgagc
ttttccatag
ggcgaaaccc
gctctoctgt
gcgtggcegcet
ccaagctggy
actatcgtct
gtaacaggat
ctaactacgg

cctteggaaa

gtttttttgt

tgatcttttc

tcatgagatt

aatcaatcta

aggcacctat

tgtagataac

gagacccacyg

gagcgcaacyg
ccettgagag
gccgcactta

tgggtcattt

gcggtattcg

cgtttceggey

gtgctcctgt

gaatcaccga

gcaacaacat

gcgccctgcea

acacctacat

cgccgcatcc

tcatcagtaa

aacagaaatc

atggcccgcet

gcggatgaac

agctgccteyg

acggtcacag

gcgggtgttyg

tatactggct

gtgtgaaata

ctcgctcact

aaaggcggta

aaaaggccag

gctccecgeccce

gacaggacta

tccgaccectyg

ttctcatagc

ctgtgtgcac

tgagtccaac

tagcagagcy

ctacactaga

aagagttggt

ttgcaagcag

tacggggtct

atcaaaaagyg

aagtatatat

ctcagcgatc

tacgatacgyg

ctcaccggcet
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caattaatgt
ccttcaaccce
tgactgtctt
tcggcgagga
gaatcttgca
agaagcaggc
cgttgaggac
tacgcgagcyg
gaatggtctt
ccattatgtt
ctgtattaac
ataccgccag
cccgtatcegt
ccceccttacac
ttatcagaag
aggcagacat
cgcgtttcygg
cttgtctgta
gcgggtgtcg
taactatgcg
ccgcacagat
gactcgctgc
atacggttat
caaaaggcca
cctgacgagc
taaagatacc
ccgcettacceg
tcacgctgta
gaacccccocyg
ccggtaagac
aggtatgtag
aggacagtat

agctcttgat
cagattacgc
gacgctcagt
atcttcacct
gagtaaactt

tgtctatttce

gagggcttac

ccagatttat
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aagttagctc

agtcagctcc

ctttatcatg

ccgcetttegc

cgccocctegcet

cattatcgcc

ccggcetaggce

aacgtgaagc

cggtttccegt

ccggatcetgc

gaagcgcetgg

ttgtttaccc

gagcatcctce

ggaggcatca

ccagacatta

ctgtgaatcyg

tgatgacggt

agcggatgcec

gggcygcagcc

gcatcagagc

gcgtaaggag

gctcggtcegt

ccacagaatc

ggaaccgtaa

atcacaaaaa

aggcgtttec

gatacctgtc

ggtatctcag

ttcagcccga

acgacttatc

gcggtgctac

ttggtatctyg

ccggcaaaca

gcagaaaaaa

ggaacgaaaa

agatcctttt

ggtctgacag

gttcatccat

catctggccc

cagcaataaa

-continued

actcattagg

ttﬂﬂggtggg

caactcgtag

tggagcgcga

caagcctteg

ggcatggcegyg

tggcggggtt

gactgctgct

gtttcgtaaa

atcgcaggat

cattgaccct

tcacaacgtt

tctegtttea

gtgaccaaac

acgcttcectygyg

cttcacgacc

gaaaacctct

gagagcadac

atgacccagt

agattgtact

aaaataccgc

tﬂggﬂtgﬂgg

aggggataac

aaaggccgcyg

tcgacgctca

ccectggaagce

cgcctttcete

ttcggtgtag

ccgcetgegec

gccactggca

agagttcttg

cgctetgetyg

aaccaccgct

aggatctcaa

ctcacgttaa

aaattaaaaa

ttaccaatgc

agttgcctga

cagtgctgca

ccagccagcec

caccgggatc

cgcggggcat

gacaggtgcc

cgatgatcgg

tcactggtcce

ccccacgggt

gccttactgyg

gcaaaacgtc

gtctggaaac

gctgctggcet

gagtgatttt

ccagtaaccg

tcggtatcat

aggaaaaaac

agaaactcaa

acgctgatga

gacacatgca

aagcccgtca

cacgtagcga

gagagtgcac

atcaggcgct

cgagcggtat

gcaggaaaga

ttgctggcecgt

agtcagaggt

tcccectegtge

ccttegggaa

gtcgttoget

ttatccggta

gcagccactyg

aagtggtggc

aagccagtta

ggtagcggtyg
gaagatcctt

gggattttgg

tgaagtttta

ttaatcagtg

ctceecegteyg

atgataccgc

ggaagyggcecy

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

36



agcgcagaag

aagctagagt

gcatcgtggt

caaggcgagt

cgatcgttgt

ataattctct

ccaagtcatt

gggataatac

cggygcdaaa

gtgcacccaa

caggaaggca

tactcttcct

acatatttga

aagtgccacc

aaatcagctc

aatagaccga

acgtggactc

aaccatcacc

ctaaagggag

aagggaagaa

gcgtaaccac

tggtcctgca

aagtagttcyg

gtcacgctcg

tacatgatcc

cagaagtaag

tactgtcatyg

ctgagaatag

cgcgccacat

actctcaagy

ctgatcttca

aaatgccgca

CLLtcaatat

atgtatttag

tgaaattgta

attttttaac

gatagggttg

caacgtcaaa

ctaatcaagt

cccccgattt

agcgaaagga

CcCacacCcCygCcC

<210> SEQ ID NO 2

<211> LENGTH:
«212> TYPE:

5828
DNA

37

actttatccg
ccagttaata
tcgtttggta
cccatgttgt
ttggccgcag
ccatccgtaa
tgtatgcggc
agcagaactt
atcttaccgc
gcatctttta
aaaaagggaa
tattgaagca
aaaaataaac
aacgttaata
caataggccg
agtgttgttc
gggcgaaaaa
tttttggggt
agagcttgac
gcgggcegeta

gcgcttaatyg

US 10,973,914 B2

cctccatcca

gtttgcgcaa

tggctteatt

gcaaaaaagc

tgttatcact

gatgctttte

gaccgagttyg

taaaagtgct

tgttgagatc

Ctttcaccag

taagggcgac

tttatcaggy

aaataggggt

ttttgttaaa

aaatcggcaa

cagtttggaa

ccgtctatca

cgaggtgceceg

gygdaaagqcc

gggcgcetgge

cgccgcectaca

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 2

acgttatcga
gtatggctgt
tctggataat
tgttgacaat

cacaggaaac

gcggtetggt

tcagctctta

cgttcatccyg

ctattagccyg

aagataccgc

attactggygy

gtggcagegy

ccoecgggtcea

ctgcacggtyg
gcaggtcgta
gttttttgcg

taatcatcgyg

agtattcgga

caagccgggc

tggtatgcat

ctacgatggy

cgacaatagc

cgtttactat

tcagggcacc

cggaggtggc

gtcgatcacyg

caccaatgct

aatcactgca

ccgacatcat

ctcgtataat

tcccoccggaat

ggctctttgce

cgggtgcgtce

tctaacaaat

aaaaataccc

tgcgctaaag

accgttaccy

agtcagtcag

atcagctgta

Synthetic Construct

tctggcgtca

taattcgtgt

aacggttctyg

gtgtggaatt

tcatgcaagt

gtctgagctyg

aggcgcctgg

attatgccga

tgtacctgca

atcgtggcect

ttagttcagy

cgcttacgca

gtgggagcag

-continued

gtctattaat

cgttgttgcce

cagctccggt

ggttagctcc

catggttatg

tgtgactggt

ctcttgeccecyg

catcattgga

cagttcgatg

cgtttctggy

acggaaatgt

ttattgtecte

tccgegcaca

attcgegtta

aatcccttat

caagagtcca

gggcgatggc

taaagcacta

ggcgaacgtg

aagtgtagcg

ggcgcgtccc

ggcagccatc
cgctcaaggce

gcaaatattc

gtgagcggat

gcagctggtt

tgccgegtog

caaaggtctyg

ctcagtaaaa

aatgaatagc

gggtgatggt

tgggggcggce

gﬂﬂggﬂgtﬂg

ctccaacatc

tgttgccgygy
attgctgcag
tcccaacgat
ttcggtectce
gcagcactgc
gagtactcaa
gcgtcaatac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
atgagcggat
tttcecceccgaa
aatttttgtt
aaatcaaaag
ctattaaaga
ccactacgtg
aatcggaacc
gcgagaaagy
gtcacgctgc

attcgcca

ggaagctgtyg
gcactcccgt
tgaaatgagc

aacaatttca

gaatccggtyg

ggttttacct

gagtgggdttg

ggacgcttca

ctgcgcecgecy

acgtacttcg

cCctggtggcyg

gtgtcgggtt

ggtaacaacyg

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

64380

6540

6600

6660

6720

6780

6840

6898

60

120

180

240

300

360

420

480

540

600

660

720

780

38



cagtgaactyg

atttgctgcec

ttctggetat

atgatagctt

gcecaggceyddy

aactcaagac

tggcgcttga

gcggtacgtt

aaccttctca

ccaaatgtac

ccatggtgat

ccgtgacggt

cgegggcegtyg

ccacctcctce

gcaccgaaag

agaaagtgtyg

aggtatcagc

atcaccatca

ggtgatgacg

taagcggaty

cggggcegceay

aagggcctcyg

acgtcaggtyg

atacattcaa

tgaaaaagga

gcattttgcc

gatcagttgg

gagagttttc

ggcgcggtat

tctcagaaty

acagtaagag

Cttctgacaa

catgtaactc

cgtgacacca

ctacttactc

ggaccacttc

ggtgagcgtyg

atcgtagtta

gctgagatag

atactttaga

gtatcagcaa

aagtggagtt

ttcgggtctc

aaatggccca

cgeggcedgcea

gggtgcggga

cgaagcgcag

ccgtgatceceg

gggtccgaaa

aatttcagtt

tgactctggc

gtcgacgggc

ctattacgtyg

ttcaaaagac

cgatagccca

gaacatgtgg

cggocecgogc

tcaccacgcy

gtgaaaacct

ccydggadgcadg

ccatgaccca

tgatacgcct

gcacttttcg

atatgtatcc

agagtatgag

Ctcctgtttt

gtgcacgagt

gccccgaaga

tatcccecgtgt

acttggttga

aattatgcag

cgatcggagdg

gccttgatceg

cgatgcctgc

tagcttccocyg

tgcgctcecggc

ggtﬂtﬂgﬂgg

tctacacgac

gtgcctcact

ttgatttaaa

39

ctgccgggaa
agtgaccgct
cagagcdgady
gtttttggceg
tcggagtccc
tttaccctcec
gtgaactcta
gtaggtacgt
cagcagtact
cgcgacggag
ggcggtggta
caaggatggt
gccagcgatyg
gtgactctga
catatcatgg
tacaccacct
gttcttgagy
gccgcatcegt
ctgacacatg
acaagcccgt
gtcacgtagc
atttttatag
gggaaatgtg
gctcatgaga
tattcaacat
tgctcaccca
gggttacatc
acgttttcca
tgacgccgygyg
gtactcacca
tgctgccata
accgaaggag
ttgggaaccyg

agcaatggca
gcaacaatta
cctteoggcet
tatcattgca
ggggagtcag
gattaagcat

acttcatttt

US 10,973,914 B2

aagcgcacgaa

tttccggcayg

atgaagctga

gcggtactaa

tgtttgtgtc

ctacgagcta

ttacctttac

accggtatag

gggcggtggyg

ttagcacctc

gtggcggtgyg

acgatatggc

agtcgacccc

ctgcgaaaga

gcatctggga

tcagctatgyg

cgggtcacgca

gactgactga

cagctcoccgy

cagggcgcegt

gatagcdgag

gttaatgtca

cgcggaaccc

caataaccct

ttccgtgteg

gaaacgctgyg

gaactggatc

atgatgagca

caagagcaac

gtcacagaaa

accatgagtyg

ctaaccgctt

gagctgaatg

acaacgttgc

atagactgga

ggctggttta

gcactggggc

gcaactatgg

tggtaactgt

taatttaaaa

-continued

actgctgatt

taaatcgggt

ttattattgce

actgaccgtg

aaatcacgcc

tcaccagcag

ctttgataca

tgcaagctat

aacgatcgtg

catgagcaag

ggdgcagcegyy

acggaccgcyg

ttcctetetg

caaatttaaa

actgggccag

ttcggccaaa

gcagctgcag

cgatctgcect

agacggtcac

cagcgggtgt

tgtataattc

tgataataat

ctatttgttt

gataaatgct

cccttattcece

tgaaagtaaa

tcaacagcgyg

cttttaaagt

tcggtcgecy

agcatcttac

ataacactgc

ttttgcacaa

aagccatacc

gcaaactatt

tggaggcgga

ttgctgataa

cagatggtaa

atgaacgaaa

cagaccaagt

ggatctaggt

tactatgatg

acctcggcett

gccgcatggg

ctgccgagceg

tacaaactgg

tgctattacg

ggatcaggca

atccttcectga

gaccagtctyg

cagtcccaaa

ggaggggdgct

attatgacat

caaatgtatg

cagaatctgc

ggccoecagec

tgttccecctga

gtacagagcc

cgcgegttte

agcttgtcetg

tggcgggtgt

ttgaagacga

ggtttcttag

atttttctaa

Ccaataatat

cttttttgeg

agatgctgaa

taagatcctt

tctgctatgt

catacactat

ggatggcatg

ggccaactta

catgggggat

aaacgacgag

aactggcgaa

taaagttgca

atctggagcc

gccctceocgt

tagacagatc

Ctactcatat

gaagatcctt

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

40



tttgataatc

ccecgtagaaa

ttgcaaacaa

actctttttc

gtgtagccgt

ctgctaatcc

gactcaagac

acacagCccca

tgagaaagcyg

gtcggaacag

cctgtegggt

cggagcctat

cettttgete

gcctttgagt

agcgaggaag

tcacaccgca

tagcgcccgy

gtcgcagagt

cacgtttctyg

cccaaccygcyg

tccagtctgy

caactgggtg
gcggeggtge
gatgaccagyg
gatgtctcty
ctgggcgtgyg
Ctaagttctg
caaattcagc
accatgcaaa
atggcgctygg
tcggtagtygg

atcaaacagyg

cagggyccadd

accctggcegc

ctggcacgac

ttagctcact

tggaattgty

cactggccgt

gccttgcagce

tcatgaccaa

agatcaaagg

daaaaccacc

cgaaggtaac

agttaggcca

tgttaccagt

gatagttacc

gcttggagcg

ccacgcttcc

gagagcgcac

ctcgceccaccet

ggaaaaacgc

acatgttctt

gagctgatac

cggaagagcy

taaattccga

aagagagtca

atgccggtgt

cgaaaacgcyg

tggcacaaca

ccetgcacgc

ccagcgtggt

acaatcttct

atgccattgc

accadgdacacc

agcatctggt

tctcggegcey

cgatagcgga

tgctgaatga

gcgcaatgcyg

gatacgacga

attttcgect

cggtgaaggyg

ccaatacgca

aggtttcccyg

cattaggcac

agcggataac

cgttttacaa

acatccccecet
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aatcccttaa
atcttcttga
gctaccagcy
tggcttcagce
ccacttcaag
ggctgctgcc
ggataaggcyg
aacgacctac
cgaagggaga
gagggagctt
ctgacttgag
cagcaacgcg
tcctgegtta
cgctegecygce
cctgatgcygg
caccatcgaa
attcagggtyg

ctcttatcag

ggaaaaagtyg
actggcgggc
gccgtcgcaa
ggtgtcgatyg
cgcgcaacgc
tgtggaagct
catcaacagt
cgcattgggt
tctgcgtcetyg
acgggygaagyc
gggcatcgtt
cgccattacc
taccgaagac

gctggggcaa

caatcagctg
aaccgcctcet
actggaaagc
cccaggcettt
aatttcacac
cgtcgtgact

ttcgccagcet
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cgtgagtttt

gatccttttt

gtggtttgtt

agagcgcaga

aactctgtag

agtggcgata

cagcggtcegyg

accgaactga

aaggcggaca

ccaggydgyaa

cgtcgatttt

gcctttttac

tccectgatt

agccgaacga

Cattttctcc

tggtgcaaaa

gtgaatgtga

accgtttccc

gdagceggegda

aaacagtcgt

attgtcgcecgy

gtagaacgaa

gtcagtgggc

gcctgcacta

attattttct

caccadgcada

gctggctggc

gactggagtg

cccactgcga

gagtccgggc

agctcatgtt

accagcgtgy

ttgccegtet

cceccocgoegegt

gggcagtgag

acactttatyg

aggaaacagc

gggaaaaccc

ggcgtaatag

-continued

cgttcecacty

ttctgegegt

tgccggatca

taccaaatac

caccgcctac

agtcgtgtct

gctgaacggg

gatacctaca

ggtatccggt

acgcctggta

tgtgatgctc

ggttcctggce

ctgtggataa

ccgagegceag

ttacgcatct

cctttegegy

aaccagtaac

gcgtggtgaa

tggcggagct

tgctgattgyg

cgattaaatc

geggegtega

tgatcattaa

atgttccggce

cccatgaaga

tcgegetgtt

ataaatatct

ccatgtccgyg

tgctggttgce

tgcgegttgyg

atatcccgcc

accgcttget

cactggtgaa

tggccgattce

cgcaacgcaa

cttccggcetce

tatgaccatg

tggcgttacc

cgaagaggcc

agcgtcagac

aatctgctgce

agagctacca

tgtcctteta

atacctcgct

taccgggttyg

gggttﬂgtgﬂ

gcgtgagcta

aagcggcady

tctttatagt

gtcagggggyg

cttttgetgg

ccgtattacc

cgagtcagtyg

gtgcggtatt

tatggcatga

gttatacgat

ccaggcacagce

gaattacatt

cgttgcocacc

tcgcgecgat

agcctgtaaa

ctatccgcetyg

gttatttctt

cggtacgcga

agcgggcecca

cactcgcaat

CCttcaacaa

caacgatcag

tgcggatatc

gtcaaccacc

gcaactctct

dadaaadaacc

attaatgcag

ttaatgtgag

gtatgttgtg

attacggatt

caacttaatc

cgcaccgatce

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3200

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

42



gcccttccca

cagaagcggt

tccectcaaa

ccattacggt

catttaatgt

ttggaatt

acagttgcgc
gccggaaagc
ctggcagatyg
caatccgcecy

tgatgaaagc

«<210> SEQ ID NO 3

<211> LENGTH:
«212> TYPERE:

363
DNA

43

agcctgaatyg

tggctggagt
cacggttacyg

tttgttccca

tggctacagy

US 10,973,914 B2

gcgaatggceg
gcgatcttec
atgcgcccat

cggagaatcc

aaggccagac

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 3

caagtgcagc

agctgtgcecyg

cctggcaaag

gccgactcag

ctgcaaatga

ggcctgggtyg

tCca

tggttgaatc

cgtcgggttt

gtctggagtg

taaaaggacyg

atagcctgeyg

atggtacgta

«<210> SEQ ID NO 4

<211> LENGTH:
«212> TYPERE:

330
DNA

cggtggceggt
taccttcagc
ggttgcgttc
cCtcactatt
cgccgaagat

cttcgattac

Synthetic Construct

ctggtcaagc

tcttatggta

atccgcectacyg

agccgagaca

accgccegttt

tggggtcagg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE: 4

cagtcagcgc

agctgtagtyg

ccgggaaaag

gaccgcetttt

agcgaggatg

cttggcggcyg

ttacgcagcc

ggagcagctc

cgccgaaact

ccggcagtaa

aagctgatta

gtactaaact

«<210> SEQ ID NO 5

<211> LENGTH:
«212> TYPERE:

121
PRT

ggcgtcggtyg
caacatcggt
gctgatttac

atcgggtacc

ttattgcgcc

gaccgtgctyg

Synthetic Construct

tcgggttecc

aacaacgcag

tatgatgatt

tcggetttte

gcatgggatg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: b5

Gln Val Gln Leu Val Glu Ser Gly

1

5

Ser Leu Arg Leu Ser Cys Ala Ala

20

Gly Met His Trp Val Arg Gln Ala

35

40

Ala Phe Ile Arg Tyr Asp Gly Ser

50

55

Synthetic Construct

Gly Gly Leu

10

ser Gly Phe
25

Pro Gly Lys

Asn Lys Tyr

-continued

ctttgcctygy

tgaggccgat

ctacaccaac

gacgggttgt

gcgaattatt

nggﬂggﬂtﬂ

tgcattgggt

atgggtctaa

atagcaaaaa

actattgcgc

gcaccaccgt

cgggtcagtce

tgaactggta

tgctgccaag

tggctattte

atagcttaaa

Val

Thr
30

Gly Leu Glu

45

Tyr Ala Asp

60

Pro

Phe Ser

tttccggcac
actgtcgtcg
gtaacctatc
tactcgctca

tttgatggcyg

tttgcegtetg
gcgtcaggeg
caaatattat
taccctgtac
taaagatcgt

taccgttagt

gatcacgatc
tcagcaactg
tggagttagt

gggtctccag

tggcccagtt

Gly Gly
15

ser Tvyr

Trp Val

Ser Val

5580

5640

5700

5760

5820

5828

60

120

180

240

300

360

363

60

120

180

240

300

330

44



Lvs
65

Leu

Ala

Gln

<210>
<211>
<212 >
<213>
<220>
<223 >

Gly

Gln

Lys

Gly

ATy

Met

ASP

Thr
115

Phe

Agn

ATg

100

Thr

PRT

<400> SEQUENCE:

Thr

Ser
85

Gly

Val

SEQ ID NO o
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

110

6

ITle
70

Leu

Leu

Thr

45

Ser
Arg
Gly

Val

Synthetic Construct

Synthetic Construct

AT

2la

ASP

Ser
120

US 10,973,914 B2

-continued

Asp Asn Ser Lys Asn

75

Glu Asp Thr Ala Val

50

Gly Thr Tyr Phe Asp

105

Ser

Gln Ser Ala Leu Thr Gln Pro Ala Ser

1 5

Ser Ile Thr Ile Ser Cys Ser Gly Ser
20 25

Ala Val Asn Trp Tyr Gln Gln Leu Pro

35 40
Ile Tyr Tyr Asp Asp Leu Leu Pro Ser
50 55

Gly Ser Lys Ser Gly Thr Ser Ala Phe

65 70

Ser Glu Asp Glu Ala Asp Tyr Tyr Cys

85

Asn Gly Pro Val Phe Gly Gly Gly Thr
100 105

<210> SEQ ID NO 7

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 7

Val
10

Ser

Gly

Gly

Leu

ala
90

Ser

Ser

Val

Ala

75

Ala

Leu

Gly

ASn

Ala

Ser

60

Tle

Trp

Thr

Ser

Tle

Pro

45

Asp

Ser

Asp

Vval

ggtgggggcyg dctcetggtgg cggtggcagce ggcggaggtg gceagt

<210>
<211>
«212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

15

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

8

Synthetic Construct

Thr

Tyr

Tyr
110

Pro

Gly

30

ATrg

Gly

ASP

Leu
110

Leu
Tyr
o5

Trp

Gly

15

Agn

Leu

Phe

Leu

Ser
o5

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser

1

<210>
<211>
«212>
<213>
<220>
<223 >

<400>

SEQUENCE :

60

5

SEQ ID NO 9
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

5

Synthetic Construct

10

15

Tyzr
80
Cys

Gly

Gln

Agn

Leu

Ser

Gln

80

Leu

45

46



47

US 10,973,914 B2

-continued

ccgagceggcece aggcegggcegce ggcggcatceg gagtcecctgt ttgtgtcaaa tcacgcectac

<210>
<«211>
<212>
<213>
«220>
<223 >

<400> SEQUENCE:

SEQ ID NO 10
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

20
PRT

10

Synthetic Construct

Pro Ser Gly Gln Ala Gly Ala Ala Ala Ser Glu Ser Leu Phe Val Ser

1

5

Asn His Ala Tyr

<210> SEQ ID NO 11

<211> LENGTH: 360

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 11

agcgttaccg tgagtacagg ccagggctgg tatgacatgg
tcgecgegecat gttactacgt cgcgtcagat gaatcgacgc
gcaacctcca gcagcaaaga tgttaccctg accgcaaadgg
cgtacggaga gtgactcccc gcacatcatg ggaatctggg
cagaaggtat ggaacatgtg gtatacaact ttttcgtacg
aaagtgtcgg caggtccgcg cgtgctggag gccggtccgce
<210> SEQ ID NO 12

<211> LENGTH: 321

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 12

aaacttgagt tgaagaccgg tgccggcttc accttaccga
tattacgtgg ccctggacga agcacaggtg aattcaatta
tctggcagcg gtacatttcg tgatccecgtg ggcacttacce
ttgctgaaac cttcccaagg tccgaaacag cagtactggg
caatcagcca aatgtacaat ctcggttcgce gatggtgtca
tcacagacaa tggttatcga t

<210> SEQ ID NO 13

<211> LENGTH: 120

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE:

20

13

10

cacgtacagc

cttccteget

acaagtttaa

agttgggtca

gctcagcaaa

agcagctgca

ccagttatca

cgtttacgtt

gctattcggc

cggttggcac

gtacgtcgat

15

catcatgacc

gcaaatgtat

acagaatttg

ggggcctcgt

atgcagcttg

agtccagtcet

tcaacaatgc
tgataccggc
gagttatatc
cattgtagac

gtctaagcayg

Sser Val Thr Val Ser Thr Gly Gln Gly Trp Tyr Asp Met Ala Arg Thr

1

5

10

15

Ala Tle Met Thr Ser Arg Ala Cys Tyr Tyr Val Ala Ser Asp Glu Ser

20

25

30

Thr Pro Ser Ser Leu Gln Met Tyr Ala Thr Ser Ser Ser Lys Asp Val

60

60

120

180

240

300

360

60

120

180

240

300

321



Thr

ASpP
65

Gln

Pro

<210>
<211>
<212 >
<213>
220>
<223 >

Leu
50

Ser

Cys

Gln

35

Thr

Pro

Val

Ser

Gln
115

Ala

His

Trp

Leu

100

Leu

PRT

<400> SEQUENCE:

Lys Leu Glu Leu

1

Hig

Ile

Pro

Ser

65

Gln

Met

<210>
<211>
<212>
<213>
«220>
<223 >

<400>

Gln

Thr

Val

50

Gln

Ser

Ser

Gln

Phe

35

Gly

Gly

Ala

Cys
20
Thr

Thr

Pro

Gln
100

SEQUENCE :

18

Ile

Asn
85

Gln

SEQ ID NO 14
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

107

14

Phe

Cvs
85

Ser

SEQ ID NO 15
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

15

catcaccatc atcaccac

<210>
<211>
<212>
<213>
<220>
<223 >

<400>

PRT

SEQUENCE :

SEQ ID NO 16
LENGTH: 6
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

16

ASpP

Met

70

Met

Val

Val

Thr

ASpP

ATrg

Gln

70

Thr

Gln

Hig His Hig Hig Hig His

1

<210>
<211>
<«212>
<213>
<220>

5

SEQ ID NO 17
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

348

49

Lys
55

Gly
Trp

Ser

Gln

Synthetic Construct

Gly

Val

Thr

Tyr

55

Gln

Ile

Thr

Synthetic Construct

Synthetic Construct

40

Phe

Ile

Ala

Ser
120

Trp

Thr

Gly
105

Gln

Glu

Thr

90

Pro

Ala Gly Phe

10

Ala Leu Asp

Gly
40

Ser

Ser

Met

25

Ser

Ala

Trp

Val

Val
105

Gly

Sexr

2la

50

Tle

US 10,973,914 B2

Agnh
Leu
75

Phe

ATrg

Thr

Glu

Ser

Val
75

ASDP

ASp

-continued

Leu
60
Gly

Ser

Val

Leu

Ala

Gly

Tle

60

Gly

Gly

45

Arg

Gln

Leu

Pro

Gln

Thr

45

Leu

Thr

Val

Thr

Gly

Gly

Glu
110

Thr

Val

30

Phe

Leu

Tle

Ser

Glu

Pro

Ser

o5

2la

Ser
15

Agn

Arg

Val

Thr
o5

sSer
ATrg
80

Ala

Gly

Ser

ASpP

Pro

ASDP

80

Ser

18

50



<«223> OTHER INFORMATION:

51

US 10,973,914 B2

Synthetic Construct

-continued

cttggggttce
tgcaactgta
gcgacgcata
aaggccaccgce

catgctccct

aggtggag

gtagtacgtt

aattatcatc

cggtgggctc

aacaacagta

tccgggacgg

ctccggegeyg
ccttactaac
taatacctca
acaacgtgtg

gcgectgtec

gccgtattec
tgttatcctyg

ccagctgaac

ctgggccctyg

agtcagtgcg

<400> SEQUENCE: 17
agtagcgtga ctgttctgac gggacagggt tggtatgagt
tgttactatg ttgcgaccga tgaagcgcgc ttgagcaata
aagagtaatg accgttccat cacgtttcgg ggcaaagtta
ggtggcagcg ggtctatcge aagcecgtctgg gagctcecggta
tggagtatgg cttacagtag ctttactttc ggatctgctyg
ggagggccac aggttctggg tggtggcagt gaactggtcc
<210> SEQ ID NO 18
<211> LENGTH: 336
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 18
tcaaatcacg cctacaaaat tgaagtgaaa acggggggcg
caccatcagc tgtgttatta tacagcattc gacgagcctc
accttcgaaa ccggatctgg ctctgggacg ttcecggtctce
tcagccgegt atattctgcg caaaccagcg aaagggccda
aacaatcgca ttggacagtc ggcccgttgce acgatcaccg
agcctgagtt ccccecgtcgca gaccatgcag attgat
<210> SEQ ID NO 19
<211> LENGTH: 116
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 19
Ser Ser Val Thr Val Leu Thr Gly Gln Gly Trp
1 5 10
Ser Ser Gly Ala Cys Tyr Tyr Val Ala Thr Asp

20 25
Asn Met Gln Leu Tyr Leu Thr Asn Lys Ser Asn

35 40
Phe Arg Gly Lys Val Ser Asp Ala Tyr Asn Thr
50 55
Ser Ile Ala Ser Val Trp Glu Leu Gly Lys Gly
65 70 75
Trp Ser Met Ala Tyr Ser Ser Phe Thr Phe Gly
85 S50

Leu Arg Leu Ser Gly Gly Pro Gln Val Leu Gly

100 105
Val Gln Val Glu

115

<210> SEQ ID NO 20
<211> LENGTH: 112
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct

Glu

ASD

Ser
60

Pro

Ser

Gly

Glu

Ala

Arg

45

Gly

Ala

Ala

Gly

Ser

ATg

30

Ser

Gly

Gln

Ala

Ser
110

Trp
15

Leu

Tle

Ser

Arg

Cys

o5

Glu

Gly

Ser

Thr

Gly

Val

80

Ser

Leu

60

120

180

240

300

348

60

120

180

240

300

336



<400> SEQUENCE:

Ser Asn His Ala

1

Leu

Pro

Gly

Tle

65

Asn

Gly

Pro

Gln

Thr

50

Leu

Agn

Val

Tyr

Leu

35

Phe

ATrg

ATrg

Ser

Ser
20

Ser

ATy

Ile

Ala
100

Ser

Ser

Pro

Gly

85

Ser

Lys

His

Val

Pro

Ala

70

Gln

Leu

53

Ile
Gln
Ile
Val
55

Ser

Ser

Glu

Leu

Leu

40

Gly

Gly

Ala

Ser

Val

Cys

25

Thr

Ser

Pro

ATg

Pro
105

Lys

10

Phe

Gln

Cys
S50

Ser

US 10,973,914 B2

Thr

Glu

Leu

Gln

75

Thr

Gln

-continued

Gly

Thr

Thr

AsSn

60

Gln

ITle

Thr

Gly

Ala

Gly

45

Ser

Thr

Met

Gly

Phe

30

Ser

Ala

Trp

Val

Gln
110

Ser

15

ASpP

Gly

ala

2la

Arg
55

Tle

Thr

Glu

Ser

Leu
80

ASpP

ASp

<210>
<211>
<212 >
<213>
220>
<223 >

SEQ ID NO 21
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

1545
DNA

<400> SEQUENCE: 21

gtggtgatga
cgggecggcet
catgttccac
gctatcgett
ttttgaagag
gtaatagcac
cgtcgacacc
agagtcaatc
tgaaattgta
cggaccctga
atcacggaac
cgcttegtcea
cgcacccgtc
cgocgegoecc
gccatttaag

acccgaaata

tccacttggc

ctgataccag

gatcgactga

acctccecgecy

gccctgaccce

gtaaacggcyg

attgtcgcecgy

tggtgatggc
gataccttca
actttcectggc
tcggtgegca
gaggtggcat
gccecgegatyg
gtcacggagc
accatggttt
catttggcag
gaaggtttca
gtaccgctgce
agcgccacgt
ttgagttcca
gcctggcecygce
ctatcatccc

gccagaaaag

agcaaatcat

ttcactgcgt

ccoggggaac

ctgccaccgc

cagtaatcga

gtatcttcgyg

ctaatagtga

tctgtaccty

gggaacattt

gggggcecectyg

gattctgttt

acatttgcag

tcataatcgc

cceccectoecoccecece

gggactgctt

actggtccac

gaaggatata

ctgatcctgt

aatagcactyg

gtttgtaggc

tcggcagcac

atgcggcgca

ccgaggtacc

catagtaaat

tgttaccgat

ccgacaccga

caccagagcc

agtacgtacc

cgcgcaggcet

agcgtcocttt

Synthetic Construct

cagctgctgc

ggccgaacca

gcccagttcec

aaatttgtcet

agaggaagygy

ggtccgtgcec

gctgcccocca

gctcatggag

gatcgttccce

gcttgcacta

atcaaaggta

ctggtgatag

gtgatttgac

ggtcagttta

ataataatca

cgatttactyg

cagcagtttc

gttggagctg

cgccocggcetgc

gcccccacct

atcacccagy

attcatttgc

tactgagtcyg

ggacccgcect

tagctgaagg

cagatgccca

ttcgcagtcea

gtcgactcat

atatcgtacc

ccgccactac

gtgctaactc

accgcccagt

taccggtacg

aaggtaatag

ctcgtaggga

acaaacaggg

gtaccgccgc

gcttcatcct

ccggaaaagce

ggcgcttttc

ctcccactac

gtaagcgctyg

gaactaacgyg

ccacgatcett

aggtacaggg

gcataatatt

caagaacgcg

tggtgtacca

tgatatgtgyg

gagtcacgtc

cgctggccac

atccttggec

caccgacgcec

cgtcgcocgaac

actgctgttt

tacctaccgyg

agttcacctg

gggtaaatcc

actccgatgce

caaaaactgg

cgctetggayg

ggtcactaac

ccggcagttyg

agctgatcgt

actgactgcc

taacggtggt

tagcgcaata

tatttttgct

tgttagaccc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

54



US 10,973,914 B2

3

56

-continued

atcgtagcecgg atgaacgcaa cccactccag acctttgcoca ggcgcectgac gcacccaatg

cataccataa gagctgaagg taaaacccga cgcggcacag ctcagacgca aagagcacgcc

cggcttgacc agaccgccac cggattcaac cagctgcact tgcat

<210>
<211>
<«212>
<213>
<220>
<223 >

SEQ ID NO 22

LENGTH: b

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 22

Gly Gly Gly Gly Ser
1 5

What 1s claimed 1s:

1. A polypeptide comprising a first antigen-binding region
comprising a variable heavy (V,) domain comprising the
amino acid sequence of SEQ ID NO: 5 and a vaniable light
(V;) domain comprising amino acid sequence ol SEQ ID
NO: 6 that binds NKG2D receptor and a second antigen-
binding region comprising a variable heavy (V,) domain
comprising the amino acid sequence of SEQ ID NO:13 and
a variable light (V,) domain comprising the amino acid
sequence of SEQ ID NO:14 that binds CS 1.

2. The polypeptide of claim 1, wherein the second anti-
gen-binding region binds CS-1 and comprises a single chain
variable fragment.

3. The polypeptide of claim 1, further comprising a
non-immunogenic linker.

4. The polypeptide of claim 1, comprising the following
formula:

VLN_VHN_VLT_VHT?
VHN' VLN' VHT'VL T;

VHN-VLN-VLT-VHT5

wherein “V 17 1s the heavy chain varniable domain spe-
cific for CS1;

wherein “V ;17 1s the light chain variable domain specific
for CS-1;

wherein “V,N" 1s the light chain variable domain specific
for NKG2D receptor;

wherein “V N 1s the heavy chain variable domain spe-
cific for NKG2D receptor;

wherein “-” consists of a peptide linker or a peptide bond;

wherein “-” consists of a peptide linker or a peptide bond;

and

wherein each formula 1s from the N-terminus to the

C-terminus.

20

25

30

35

40

45

50

55

1440
1500

1545

5. A bispecific antibody comprising a single polypeptide
chain comprising a first antigen-binding region and a second
antigen-binding region;

wherein the first antigen-binding region comprises the

amino acid sequence of SEQ ID NO:5 and the amino
acid sequence of SEQ ID NO:6 and 1s capable of

recruiting the activity of a human immune effector cell
by specifically binding to NKG2D receptor on the
human immune effector cell; and

wherein the second antigen-binding region comprises a

variable heavy (V) domain comprising the amino acid
sequence of SEQ ID NO:13 and a varniable light (V)
domain comprising the amino acid sequence of SEQ ID

NO:14 and 1s capable of specifically binding to CS- 1
on a target cell.

6. A pharmaceutical composition comprising the bispe-
cific antibody of claim 3 in a pharmaceutically acceptable
carriet.

7. A method for treating a CS-1 expressing cancer in a
subject, comprising administering to the subject a therapeu-
tically eflective amount of the pharmaceutical composition
of claim 6.

8. An 1solated polynucleotide, comprising a nucleic acid
sequence encoding the polypeptide of claim 1 or claim 4.

9. An 1solated expression vector comprising the poly-
nucleotide of claim 8 operably linked to a heterologous
expression control sequence.

10. An 1solated host cell comprising the vector of claim 9.

11. The polypeptide of claim 3, wherein the non-1immu-
nogenic linker comprises a Ifragment of human muscle
aldose protein.

12. The polypeptide of claim 11, wherein the non-1immu-
nogenic linker comprises SEQ ID NO: 10.

13. The polypeptide of claim 4, wherein - comprises a
non-immunogenic linker.

14. The polypeptide of claim 13, wherein the non-immu-
nogenic linker comprises SEQ 1D NO: 10.
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